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4 Drug therapy for the 
If] ie management of tuberculosis 
continues to advance at a rapid 


pace. In keeping with the 


1 latest improvement — which 
promises a substantially 


lower incidence of vestibular 


and auditory toxicity — Pfizer 


T has made available a new 
combination of streptomycin 


and dihydrostreptomycin 


| 
Com bistrep 


Recent clinical studies! have 


shown that such a combination, 
one-half streptomycin and 
one-half dihydrostreptomycin, 


gave rise to a significant 


reduction in neurotoxic side 
effects as compared to equivalent 
dosage of either drug used 
alone, even though administered 
over the prolonged treatment 
periods required for the 

Available control of tuberculosis. 

in vials of 1 Gm 

and 5 Gm., dry 

powder for 


Combistrep offers these benefit 
to the tuberculous patient 


with the further assurance that 


prep its purity is of the same high 
solutions for 7 
olutions fo standard typical of all 

amt 
intramuscular Pfizer pharmaceuticals. 
injection 


also, 

Streptomycin Sulfate — ary powder and solution 

Dihydrostreptomycin Sulfate —ary powder and solution 

Streptohydrazid* — a crystattine compound combining streptomycin and isoniazid 
Cotinazin” — brand of isoniazid 

Viocin™ Sulfate — brand of viomycin, for resistant cases of tuberculosis 


Pfizer Laboratories, pivision, CHAS. PFIZER & CO., INC., BROOKLYN 6, N.Y 
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Meat... 


and Its Place in the Diet 
in Hypertension 


Contrary to the concept that protein intake contributes to the genesis 
of hypertension and should be drastically reduced in therapy' * * ade- 
quate protein nutrition today is considered essential for preserving 
maximal vigor and a sense of well-being in the hypertensive patient.’ 
Meat, once thought to be contraindicated, now is recognized as an impor- 
tant protein food in the dietary regimen in hypertension. 


High-protein foods do not elevate arterial tension — neither in the 
hypertensive nor the normotensive person. Nor does the specific dynamic 
action of protein make undue demands on the heart.* * * Only in ad- 
vanced hypertension when renal function is seriously impaired, or in 
cardiac emergency episodes, when cardiac disease complicates hyperten- 
sion, is restriction of protein intake below the normal allowance of 60 to 


70 Gm. per day justifiable.’ 


But not only for its high content of biologically top-quality protein 
is meat a recommended daily food in the diet of the hypertensive patient. 
It also goes far toward satisfying the needs for essential B vitamins and 
minerals. Another important feature of meat is its outstanding taste 


appeal and its virtually complete digestibility. 
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A COMPARATIVE ANALYSIS OF THE POST-DISCHARGE 
EXPERIENCES OF TUBERCULOUS PATIENTS' 


SOL L. WARREN? 
Received for publication May 5, 1953) 


INTRODUCTION 


As an organized program of public aid to ‘he physically handicapped, voca- 
tional rehabilitation had its inception in this country some thirty-odd years ago. 
General acceptance of the program as a community responsibility is now rarely 
questioned. Increasingly large sums are being spent in its operation. Yet, despite 
the magnitude of the effort and the approbation it has received from professional 
and lay sources, its definitive values remain essentially unconfirmed. 

To be sure, there have been studies which have attempted to evaluate such 
programs. Without underestimating their merits in advancing the field generally, 
however, the observation is inescapable that there is little in the literature which 
strictly satisfies the requirements of scientific inquiry and reporting. Compila- 
tions of closed case statistics (3, 13, 14),’ inspirational accounts (4, 9, 15), ad- 
ministrative interpretations (5, 12, 16), personal testimony (1, 2, 10), and un- 
controlled follow-up studies (7, 8, 11), while valuable in themselves, cannot be 
regarded as adequate substitutes for formal and rigorous analysis. More valid 
evidence of the merits of the program is needed, not only to convince sincere 
skeptics but to encourage ardent disciples. 

If this criticism may be leveled at rehabilitation research in general, how much 
more cogent is it in the case of such a specialized area as tuberculosis rehabilita- 
tion? Kiefer (6), speaking before a conference of tuberculosis specialists in 1946, 
answered this question in these words, ‘““To be perfectly frank about it, there is 
nothing in the literature . .. which can be used to prove that rehabilitation of 
the tuberculous is worth while.” More recently, the National Tuberculosis As- 
sociation (17) echoed Kiefer’s remark by asking editorially, “Many rehabilita- 
tion workers suspect that the payoff is better, but how about some statistically 
valid inquiries to prove it?’ It was a sharing of this recognition of the need for 

! From the Municipal Sanatorium, Otisville, New York 

* Address: New York State Education Department, Division of Vocational Rehabilita- 
tion, New York, New York 

* The references cited in this paragraph are illustrative only 
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systematic research in this field which prompted the evaluative study* described 


in the present report. 


OBSERVATIONS 
Objectives 


The objectives of the study were: 


To discover whether any differences could be discerned between a group of 
persons who participated in a vocational rehabilitation program and a com- 
parable group of persons who did not participate in such a program. 

To determine, if any such differences were found, their nature, extent, and 
significance to the individual, the rehabilitation agency, and the community. 


In order to reduce to a workable number and variety the factors involved in 
setting up comparable groups, the inquiry was confined to a population of pa- 
tients with a history of pulmonary tuberculosis who had been treated at and 
discharged from Municipal Sanatorium, a public institution maintained by the 
City of New York at Otisville, New York. The vocational rehabilitation program 
under evaluation was conducted by the New York City Office of the State Di- 
vision of Vocational Rehabilitation. 


Procedure 


The most important characteristic of the study was its method of approach in 
setting up controlled conditions. To strengthen the validity of any conclusions 
which might be based on the findings, scrupulous attention was given to the 
three primary demands of scientific analysis in causal-comparative research. 
These include: verification of the comparability of experimental and control 
groups prior to the introduction of the experimental variable; maintenance of 
uniform conditions for the two groups during the conduct of the experiment; 
and the demonstration by valid statistical techniques of the subsequent presence 
or absence of significant differences between the groups. 

Two hundred and fifty-seven patients discharged from Municipal Sanatorium 
during 1942 and 1943 were selected from the total discharge population for those 
years because they exhibited ':omogeneity with respect to a variety of pertinent 
factors. The patients were all first admissions to the hospital who had been dis- 
charged with medical consent as having arrested tuberculosis; they were all on 
four-hour activity tolerance, were considered to have favorable prognoses, 
and were in need of post-discharge rehabilitation assistance. The patients were 
all of equivalent economic status, having met the financial standards for ad- 
mission as non-paying patients. They had all been processed through the re- 
habilitation program conducted at the sanatorium. 

Following discharge, these patients separated into two groups as some availed 
themselves of the services provided by the state agency whereas others did not. 


‘This study was conducted in connection with a doctoral program at the School of 
Education, New York University, New York, N. Y 
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TABLE 1 


Services Receivep FROM THE STaTe AGENCY BY THE PARTICIPATING SUBJECTS 


— 


100.0 
100.0 
100.0 
100.0 
86.1 
60.8 
60.58 


Medical evaluation 


Vocational evaluation 
Counsel and guidance 
Follow-up in employment 
Vocational training 
Maintenance allowances 
Supplies and equipment 
Psychometric evaluation 


> 


15.2 


1.3 


Job placement 


Physical restoration 


The nature and distribution of the services received by the participants is shown 
in table 1. It is obvious that some persons required the entire range of services 
in order to achieve vocational adjustment while others needed one combination 
or another. 

In 1947 and 1948, precisely on the fifth anniversary of discharge from the 
sanatorium, both groups were followed up by personal interviews. Additional 
data were obtained by correspondence and other means from various pertinent 
sources, such as clinics, hospitals, physicians, social agencies, friends, relatives, 
and employers. 

Of the 257 patients selected as subjects, 240 (93.4 per cent) were located and 
included in the study. The remaining 17 could not be found or refused to co- 
operate. Of the 240 subjects studied, 79 participated in the state agency's pro- 
gram while 161 failed to take part.’ 

The opposing groups were compared with respect to the pre- and post- 
discharge characteristics and experiences. Criteria of comparison included a 
variety of factors commonly associated with physical, emotional, social, economic, 
and vocational adjustment. Chi-square and ¢ calculations were employed to dis- 
criminate between significant and chance variations. A 5 per cent level of 
confidence was established as the borderline of significance. 


RESULTS 


A pre-discharge comparison of the participating and non-participating groups 
disclosed their equivalence with respect to every criterion measured. Among 
these were such factors as age, sex, color, religion, place of birth, and citizen- 
ship status. 

Socio-economic factors included marital status, number of dependents, source 
of income, public welfare experience, and frequency of contact with social agen- 
cies. The highest school grade completed and in-sanatorium activities were also 


equated, as were psychologic test results and personality characteristics. 


* In order to simplify the subsequent discussion, these two groups are designated, re 
spectively, participants and non-participants 


st 
ER RE EREL NUMBER PER CENT 
= 
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Under physical data, the comparison covered family tuberculosis history, 
interval between onset of symptoms and diagnosis and between diagnosis and 
admission to the sanatorium, length of stay and treatment received at the sana- 
torium, lung involvement, stage of advancement, clinical status, activity toler- 
ance, and prognosis. 

Included among the vocational factors were length of work history and number 
of occupations and jobs held. Moreover, a detailed comparison was made of the 
last pre-sanatorium job, including occupational classification, duration, how 
obtained, why relinquished, entrance and terminal earnings, wage increases and 
promotions, days and hours of work, vacation and sick-leave provisions, absence 
experience, and job satisfaction. 

On the basis of the pre-discharge analysis outlined above, it was concluded 
that, at the point of discharge from the sanatorium, the participating and non- 
participating groups were comparable in every meaningful respect. The signifi- 
cance of this equivalence in providing a valid basis for conclusions bearing on 
the post-discharge experiences of the groups is obvious. 

The post-discharge analysis involved a comparison of the groups with respect 
to all pertinent factors mentioned above in addition to many others. In fact, 
more than 70 separate items were included. The findings disclosed more favor- 
able outcomes for the participating group in virtually every aspect investigated. 
Because of space limitations, only the more significant ones are presented here. 

Physical Status 

The participants exhibited considerably lower mortality and relapse rates 
than the non-participants. Whereas 18.0 per cent of the latter died of tuber- 
culosis by the end of the fifth year, only 5.1 per cent of the former succumbed. 
Similarly, 61.5 per cent of the non-participants experienced a relapse at least 
once during the five-year interval, whereas only 25.6 per cent of the participants 
experienced recurrences. 

Although the tuberculosis status of all subjects at the time of discharge was 
recorded as arrested, at the end of five years 81.0 per cent of the participants 
against 57.8 per cent of the non-participants were reported in this status. More- 
over, 38.0 per cent of the former but only 18.0 per cent of the latter were com- 
pletely discharged from medical supervision at the follow-up interview. 

Similar one-sided comparisons were noted with regard to symptom reappear- 
ance, number of lungs involved, stage of disease advancement, prognosis, and 
activity tolerance. Although comparable in all of these respects at the time of 
discharge, at the follow-up interview those who had received rehabilitation as- 
sistance were uniformly better off than their non-participating counterparts. 


Psychologic Status 
The Bell Adjustment Inventory is designed to measure the degree of adjust- 
ment (or maladjustment) to one’s home, health, social, emotional, and occupa- 
tional environment. The sum of these adjustments furnishes the basis for an 
estimate of total personality adaptation. Measured by this criterion, 19.0 per 
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cent of the participants scored in the maladjusted range, whereas 44.5 per cent 
of the non-participants fell into this category. A breakdown of the scores shows 
that only in the health and occupational areas did significant disparities appear 
between the groups. In the remaining categories the differences, although uni- 
formly in favor of the participants, were relatively small. Nevertheless, the ex- 
tent of maladjustment exhibited by the non-participants in the health and 
occupational areas was sufficient to project many of the total scores into the un- 
satisfactory range, thus accounting for the large over-all disparity between the 
groups. It is interesting to note that physical and occupational adjustment repre- 
sents the primary concern of the State Rehabilitation Agency. 


Vocational Status 


Compared at follow-up interviews, 84.8 per cent of the participants were 
employed in contrast to only 47.2 per cent of the non-participants who were so 
occupied. Moreover, the former spent 74.3 per cent of the sixty-month follow-up 
period in employment while the latter spent 57.0 per cent. The significance of 
this disparity is greater than is apparent in view of the forced unemployment 
imposed on the participants by reason of their acceptance of the rehabilitation 
program. The average time spent in the program was 11.3 months (18.8 per cent). 

The non-participants spent 11.2 per cent of the follow-up period seeking em- 
ployment while the participants used but 3.0 per cent of the time for this purpose. 

The frequency of occupational and job change-over was studied for its bearing 
on vocational adjustment. On both scores, the participants manifested more 
favorable post-discharge histories. For example, while only 15.2 per cent of the 
participants changed occupations more than once during the five-year interval, 
39.0 per cent of the non-participants did so. Likewise, only 19.0 per cent of the 
former but 40.9 per cent of the latter held four or more jobs during this period. 

To be included in the study, each subject had to be in need of post-discharge 
rehabilitation assistance. In the majority of cases, the need was based on the 
necessity or desirability of re-directing the subjects’ vocational goals. The nature 
and extent of re-direction which resulted is shown in table 2, which gives the oc- 
cupational classification of the last pre-and terminal post-sanatorium jobs for the 
participants and non-participants. 

It is evident that after discharge the non-participants reverted essentially to 
their pre-admission occupational status. The participants, on the other hand, 
exhibited a clear-cut trend out of the service and unskilled occupations into the 
professional, clerical, and skilled categories. 

Earnings experience almost always receives a major emphasis in evaluative 
studies of rehabilitation, a prominence which is not wholly unwarranted. The 
interrelation between earning power and social, emotional, and economic factors 
makes it a matter of paramount concern to the individual. Its bearing on pub- 
lic income (from taxes) and expenditure (for welfare aid) makes it of equal con- 
cern to the community. The data on earnings are presented in table 3. 

Although both groups earned approximately the same wages in their last pre- 
sanatorium jobs, the participants entered initial post-discharge jobs at decidedly 
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TABLE 2 
PARTICIPANTS AND NON-PARTICIPANTS, BY OCCUPATIONAL CLASSIFICATION 
Pre-Sanatorium AND Terminat Post-Sanatorium Joss 


DING TO DICTIONARY OF Participants Jon rticipants 
YMENT SERVICE, 1959 


Last Pre-* Terminal! Last 


Pre Terminal 
71 Post 146 


Post- (159 


Professional and managerial 13.{ 
Clerical and sales 

Service 

Agricultural 

Skilled 

Semi-skilled 

Unskilled 

No data 


Total 100.0 100 
* The figures in parentheses are the number of subjects. 


TABLE 3 
PARTICIPANTS AND NON-PARTICIPANTS BY AVERAGE WrEKLY EARNINGS IN 
Pre-SANATORIUM AND Post-SanatTorium Jops 


AVERAGE WEEELY EARN 


Participants Non-} 
Last pre-sanatorium job 
Entrance earnings $24.70 (68)* $23.90 (137) 
Terminal earnings 33.30 (70) 34.00 (144) 
Initial post-sanatorium job 
Entrance earnings 28.40 (79) 37.50 (158) 
Terminal earnings 36.90 (78) 40.60 (157) 
Terminal post-sanatorium job 
Entrance earnings 40.90 (78) 37 .30 (159) 
Terminal earnings 52.50 (79) 44.20 (159) 


* The figures in parentheses are the number of subjects. 


lower wages than did the non-participants. By the time the initial job was re- 
linquished, however, the differential between the groups was substantially re- 
duced, an outcome attributable to the more favorable advancement experience 
and longer tenure enjoyed by the former. This trend continued. Thus, when the 


participants entered terminal employment, they were able to command slightly 
higher wages than the non-participants; and, finally, when terminal wages were 
recorded, the participants had forged ahead quite conclusively. Moreover, there 


was every indication that this gap would widen with the passage of time. 
Without presenting details, it is recorded here that, when the jobs held by the 

participants and non-participants were analyzed with regard to other factors, 

almost invariably the former were found to be more advantageously situated. 


158 
PE ENT rs 
MEUPAT INAL LASSIFICAT ay 
5.5 5.0 
4 19.2 20.5 
3 24.7 21.7 
3 1.2 
10.3 10.6 
21.9 21.1 
18.5 18.6 
1.2 
— 
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This observation extended to such items as days and hours of work, total earn- 
ings, number of wage increases and promotions, job venure, sick-leave provisions, 
employer awareness of the tuberculous background, and absenteeism. 

In addition to studying those employment factors which lent themselves to 
objective measurement, the subjects were asked to evaluate their jobs sub- 
jectively in terms of over-all satisfaction. When the terminal post-sanatorium 
job was thus considered, 79.7 per cent of the participants but only 44.1 per cent 
of the non-participants expressed general satisfaction with their work. This is 
contrasted with 40.8 and 37.6 per cent of the groups, respectively, who signified 
approval of their last pre-sanatorium jobs. The best that may be said for the 
non-participants, then, is that they were not much worse off after discharge than 
before. On the other hand, the figures point to a definite improvement in the 
situation of the participants. 

In order to compare job suitability, three specialists in the placement of the 
ex-tuberculous were asked to rate the terminal employment of both groups with 
respect to 25 separate criteria. Differences in favor of the participants were re- 
ported for 22 of the factors evaluated, 15 being of a statistically significant order. 
The 15 significant factors, in order of decreasing levels of significance were 
physical compatibility, general suitability of vocational choice, tenure, job satis- 
faction, existence of vocational problems, feeling of accomplishment, compatibil- 
ity with aptitudes and interests, financial adequacy, relation to educational back- 
ground, suitability of working hours, advancement opportunity, emotional 
security, compatibility with mental level, and sick-leave provisions. The seven 
remaining factors were: vacation provisions, social compatibility, remuneration 
in relation to prevailing wages, surroundings, relations with employer, com- 
patibility with previous work background, and job location. 

In the three instances which favored the non-participants, the differences were 
all nonsignificant. They were: recognition of employee accomplishment, degree 
of supervision, and relations with other employees. 

On an over-all evaluation of job suitability, 78.5 per cent of the participants 
were judged satisfactorily employed as against 49.7 per cent of the non-partici- 
pants. Conversely, 12.7 per cent of the former and 36.8 per cent of the latter were 
rated unsatisfactorily employed. It is significant that all three judges were in full 
agreement approximately 70 per cent of the time. 


Socio-Economic Status 


The participants evidenced a higher marriage and lower separation rate than 
the non-participants, a phenomenon probably related to the more favorable 
physical and vocational adjustment enjoyed by the former. Persons with relapsing 
tuberculosis requiring periodic hospitalization and those beset by adverse oc- 


cupational and economic circumstances are less likely to assume the responsi- 
bilities of marriage than those who are more advantageously situated. By the 
same token, such adverse circumstances are more likely to predispose to broken 
marriages. 

It was found that 82.3 per cent of the participants were financially independent 
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at the time their tuberculous condition was discovered. By the time of admis- 
sion to the sanatorium, only 24.1 per cent were self-sustaining. Five years after 
discharge, the proportion reverted precisely to the original figure, 82.3 per cent. 
Truly, the definition of rehabilitation as the ‘‘restoration of the individual . . .”’ 
was demonstrated literally. By comparison, 84.5 per cent of the non-participants 
were self-supporting upon discovery of the disease, 25.5 per cent on admission 
to the sanatorium, but only 46.0 per cent at follow-up. Obviously, the latter fell 
far short of a full comeback. 

Figures were computed to show the amounts expended for public assistance 
and the time spent ‘‘on relief” during the five-year interval. Including those sub- 
jects for whom no costs were involved, the average expenditure for relief was 
$204 per participant and $345 per non-participant. Using the same basis for 
computation, the participants, as a group, received public aid for 6.5 per cent of 
the follow-up period as against 13.3 per cent for the non-participants. In view of 
the fact that the former, by reason of their involvement in the rehabilitation 
program, were delayed in attaining financial independence and thereby obliged 
to seek public aid in considerable numbers during the period immediately follow- 
ing discharge, the over-all advantage displayed by them takes on added signifi- 
cance. 

The average sums spent for hospitalization following discharge were $259 
per participant and $737 per non-participant, the figures including those sub- 
jects who were not hospitalized at all. Thus, when the per capita cost of rehabil- 
itating the participants ($225) is added to the costs of welfare and hospitaliza- 
tion for this group, the total comes to $688. For the non-participants, welfare 
and hospitalization costs alone amounted to $1,082 per case. It is noted that the 
cost of rehabilitation was nonrecurring and that welfare and hospitalization costs 
for the participants were on the decline at follow-up. For the non-participants, 
on the other hand, the trend was such that a much wider gap could be expected 
between the groups in the years subsequent to the survey. 

The frequency of application to community agencies for help in resolving per- 
sonal problems was studied. Although both groups were comparable in this re- 
spect in the pre-sanatorium period, a marked change occurred following dis- 
charge. Thus, for example, whereas 31.7 per cent of the non-participants sought 
the aid of more than two agencies, only 15.3 per cent of the participants felt 
obliged to do so. Apparently, with their problems defined and receiving attention 
from the rehabilitation agency, the participants did not have to spend as much 
time and effort as the non-participants in shopping around for help. Besides the 
advantages thus gained by the individual persons, the benefits to the community 
in terms of agency time and money saved are obvious. 


DISCUSSION 
On the basis of the findings disclosed by the present study, it may be concluded 
that participation in the vocational rehabilitation program produced conse- 
quences which were definitely significant to the persons who participated, to the 
rehabilitation agency which provided the services, and to the community as a 


whole. 
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In terms of individual experiences, participation in the program produced 
certain specific outcomes. In encouraging adequate convalescence and continued 
attention to medical advice, in discouraging premature resumption of employ- 
ment, and in promoting the selection of suitable vocational objectives, it con- 
tributed significantly to the attainment and maintenance of normal health 
following discharge. In helping by supportive, inspirational, and tangible as- 
sistance to overcome the psychologic trauma generally associated with tuber- 
culosis affliction, it contributed to the restoration of normal life patterns after 
discharge. In furnishing sound occupational guidance, adequate job preparation, 
placement assistance, and close supervision of employment, it contributed to 
satisfactory and successful vocational experience in occupations commensurate 
with mental levels, interests, aptitudes, aspirations, education, work background, 
and physical capacities. In advancing vocational development by providing use- 
ful skills in remunerative fields and by otherwise structuring the circumstances 
to produce high caliber performance which would merit employer recognition, 
it contributed to the enhancement of economic circumstances and the restoration 
of financial independence. In creating an advantageous physical, emotional, 
vocational, and economic climate, it contributed to the assumption and ful- 
fillment of those community and family obligations which are essential to the 
social and personal adjustment of the individual. 

As for the rehabilitation agency, the findings are significant in several ways. 
They confirm generally and establish specifically the values inherent in a pro- 
gram so long practiced yet so tenuously justified. They substantiate the economic 
soundness of the investment in the program. They provide the basis for con- 
tinuing attempts to obtain future development and expansion of the program. 

Finally, in terms of community involvement, the findings are significant be- 
cause of the following considerations: They provide facts which should enlighten 
the public and management regarding the proficiency, stability, and vitality of 
ex-tuberculous workers properly placed. They furnish ammunition to all anti- 
tuberculosis forces in their continuous compaign against this debilitating disease. 
They demonstrate the practical and tangible benefits to the community in terms 
of tax returns and purchasing power as well as in savings in welfare and hos- 
pitalization costs, all at the expense of a relatively small investment. They point 
the way to a happier citizenry through the promotion of economic self-sufficiency, 
physical and emotional well-being, social and vocational adjustment, and general 


personal contentment. 
SUMMARY 


A study was conducted to determine (/) whether any differences could be 
discerned between a group of ex-tuberculous sanatorium patients who, following 
discharge, participated in a state agency’s vocational rehabilitation program and 
a comparable group which did not participate; and (2) if such differences were 
found, their nature, extent, and significance to the individual, the rehabilitation 
agency, and the community 

The findings disclosed that: 

The subjects who participated in the rehabilitation program exhibited post- 
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discharge histories which were measurably different from those experienced by 


the non-participants, the differences being virtually always in favor of the former. 

The differences between the participants and the non-participants were ex- 
tensive, substantial, and influential. Their extensiveness was judged by their 
occurrence in each of the areas included within the definition of rehabilitation. 
Their substantial nature was attested to by statistical evidence of significance. 
Their influential nature was apparent from the critical consequences attending 


the presence or absence of particular attributes. 

The differences between the participants and non-participants were attributed 
to the operation of the state agency’s rehabilitation program, this being the only 
factor which functioned unilaterally during the post-discharge period. 

The differences between the participants and non-participants were significant 
to the individual persons concerned, the rehabilitation agency, and the com- 
munity. 


SUMARIO 
Andlisis Comparativo de lo Sucedido a los Tuberculosos Después del Alta 


Llevedse a cabo este estudio para determinar: (1) si podia descubrirse alguna diferencia 
entre un grupo de ex-enfermos de un sanatorio para tuberculosos que, después del alta, 
participaron en un plan de rehabilitacién profesional a cargo de un organismo oficial y un 
grupo comparable que no participé en dicho plan; (2) si existian tales diferencias, cudles 
eran su naturaleza, alcance e importancia para el individuo, el organismo de rehabilitacién 
y la colectividad 

Los hallazgos revelaron que 

Los sujetos que participaron en el plan de rehabilitacién acusaron, después del alta, 
una historia mensurablemente distinta de la de los que no participaron, redundando las 
diferencias virtualmente siempre en pro de los primeros 

Las diferencias entre los participantes y los no participantes fueron extensas, substan- 
ciales e influyentes. Su aleance fué apreciado a base de su existencia en cada una de las 
zonas comprendidas en la definicién de rehabilitacién. Su substantividad quedé compro- 
bada por datos estadisticos de su importancia. Su influencia fué puesta de manifiesto por 
las consecuencias criticas que acompafiaron la presencia o ausencia de ciertos atributos. 

Las diferencias entre los participantes y los otros fueron atribufdas al efecto del plan 
de rehabilitacién del organismo oficial, siendo ése el dnico factor que funcioné unilateral- 
mente durante el perfodo subsiguiente al alta 

Las diferencias entre los participantes y los no participantes revistieron importancia 
para las personas interesadas, el organismo de rehabilitacién y la colectividad 


RESUME 
Une analyse comparative des conditions de la post-cure de patients tuberculeuz 


Une étude a été entreprise pour déterminer: 1) si une différence quelconque pouvait 
étre discernée entre un groupe de tuberculeux qui, aprés la fin de la cure en sanatorium, 
avait suivi le programme de réadaptation professionnelle et un groupe comparable n’ayant 
pas pris part au programme: 2) si des différences étaient observées, leur nature, leur étendue 
et leur portée A |'égard de l’individu, de l’organisme de réadaptation et de la collectivité. 

Les résultats ont montré que 

L’histoire des sujets inclus d4ns le programme de réadaptation différait appréciablement 
de celle des non participants, les différences étant toujours essentiellement en faveur des 
premiers 

Les différences entre ies participants et les non participants étaient étendues, substan- 
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tielles et susceptibles d’influencer les résultats. Leur étendue était appréciée selon leur occu- 
rrence dans chacune des sphéres comprises dans le domaine de la réadaptation. Leur qualité 
substantielle était attestée par des preuves statistiques. Leur influence se manifestait par 
les conséquences décisives entrainées par la présence ou le défaut d’attributs particuliers 
Les différences entre participants et non participants étaient attribuées A l’application 
du programme de réadaptation de l’organisation officielle, ceci représentant |’unique facteur 
fonctionnant unilatéralement durant la période de post-cure 
Les différences enregistrées entre participants et non participants avaient une significa- 
tion statistique pour les individus intéressés, l’organisme de réadaptation et la collecti 
vité. 
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INTRODUCTION 


Bronchogenic carcinoma is increasing in incidence while resection rates remain 
under 50 per cent (1-4) of the cases diagnosed, and five-year survival rates con- 
tinue to be less than 10 per cent (1, 3) of the resected cases. The question imme- 
diately arises whether the prognosis would improve if the characteristics of early 
lung cancer were more clearly delineated. Rigler (5), Overholt (6), and others state 
that roentgenographic changes suggestive of bronchogenic carcinoma precede 
the appearance of symptoms, but, on theoretical grounds, this cannot invariably 


be true. The chronology with respect to symptoms or roentgenographic changes 
depends on: site of origin, rate of tumor growth, degree of patient’s perception 
of illness, index of roentgenographic suspicion, thoroughness of medical investi- 
gation, frequency of chest roentgenograms, and, possibly, other unrecognized 
factors. If roentgenographic changes precede symptoms, well-conducted surveys 
should provide better prognoses. This has not been the experience of the present 
writers, however, despite ‘“over-reading” of survey films as “‘suspect neoplasm,” 
efforts to hospitalize as emergencies patients whose films are so read, and routine 
persistent efforts to obtain prompt diagnostic studies. Accordingly, a more de- 
tailed study of the role of mass roentgenographic surveys in the detection of 
bronchogenic carcinoma has been conducted and forms the basis for the present 


report. 
MATERIAL AND METHODS 


In an effort to evaluate surveys as case-finding techniques for bronchogenic 
carcinoma, 77 consecutive proved cases of lung cancer, detected at two official 
Philadelphia chest roentgenographic units from 1947 through 1952, were 
studied. The cases were analyzed according to age, race, sex, presence or absence 
of symptoms, appearance of photofluorograms, resectability, tissue diagnosis, 
and five-year survival. In 22 instances, earlier photofluorograms were available 
for retrospective review. 

Prevalence studies were limited to the 142,156 persons on whom appropriate 


records were available 
RESULTS 


Careful follow-up of patients with any photofluorographic abnormality re- 
vealed bronchogenic carcinoma prevalence rates per 100,000 of 3 for females and 


' From the Tuberculosis Control Section, Department of Public Health, Philadelphia, 
Pennsylvania 

* Presented in part before the Medical Session, as part of the session on Nontuberculous 
Diseases of the Chest, at the annual meeting of the National Tuberculosis Association, Los 
Angeles, California, on May 19, 1953 
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34 for males. The prevalence rates were 30 for the group as a whole, 160 for all 
of those who were more than forty-five years old, and 260 for males more than 
forty-five years of age. These are conservatively calculated values as they exclude 
the cases of persons with clinical but not tissue diagnoses as well as those who 
cannot be located (table 1). 

Presence of symptoms: Only 7 of the 77 persons were truly asymptomatic. Of 
the remaining 70, 43 considered themselves well but had symptoms which were 
elicited on careful questioning. The other 27 persons were sufficiently ill to have 
consulted physicians. 

Thus, 50 of the carcinomas could be considered preclinical in the sense that, 
whether because of low threshold of perception, ignorance, or deliberate disregard 
of symptoms, the patients had made no effort to obtain medical advice. The only 
possible approach to the detection of these 50 carcinomas was through mass 
roentgenographic surveys (table 2). 

Cough was the most frequent symptom. All symptoms were encountered in a 
higher proportion of the persons who ignored them than in the persons who had 
consulted physicians. It was startling to find that 11 persons who had expecto- 
rated blood had not sought medical care. 

Amenability to resection: There was no striking difference in resection and sur- 
vival rates between the ‘‘preclinical” symptomatic group and the 27 patients with 
manifest symptoms. However, all 7 of those without symptoms had lesions which 
were probably resectable at the time of the first abnormal photofluorograms. 


TABLE 1 


PREVALENCE OF Provep BroncHogEenic CarcinoMA AMONG PERSONS 
REFERRED TO Two OrriciaAL PHILADELPHIA ROENTGENOGRAPHIC 
Units* spy Ace, Race, anp Sex 


TOTAL WITH TOTAL PROVED 
LESS THAN 45 YEARS OF AGE ROENTGENOGRAPHIC BRONCHOGENK PER CENT 
EXAMINATIONS CARCINOMA 


Male, white 26,916 004 
Male, nonwhite 29 , 200 : 007 
Female, white 30,495 003 
Female, nonwhite 28,110 


Total less than 45 114,721 


MORE THAN 45 YEARS OF AGE 


Male, white 12,076 
Male, nonwhite 4,501 
Female, white 7,809 
Female, nonwhite 3,049 


Total more than 45 27 , 435 


* Unit 1—Total 1947; foodhandlers only, 1949 through 1952. 
Unit 3—Total 1949 through 1952. 


4 0.003 
26 0.215 
17 0.378 
l 0.013 
44 0.160 
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TABLE 2 
Symproms* Ornper or Frequency Accorpinc TO WHETHER OR Not 
Puysictan Hap Been Consuttep at Time or First ABNORMAL 
PHOTOFLUOROGRAM 


PHYSICIAN CONSULTEDt SYMPTOMS IGNORED! 


Number Number 
37.0 5 58.0 

Weight loss 26.0 40.0 

Chest pain 15.0 K 30.0 

Sputum f K 11.0 : 28 .0 

Hemopt ysis f 15.0 

Dyspnea : : 15.0 

Fatigue 7.0 

Fever, chills, et cetera 19.0 


Cough 


Anorexia 
Weakness 
Hoarseness 
Shoulder pain 
Sense of heaviness 


Dysphagia 


Due to cerebral metastases 


Among the 70 symptomatic persons 
27 cases 


43 cases 


TABLE 3 
{esEcTION AND Survivat Accorpine To Stratus at Time 


or First Recoenizep, ABNORMAL PHOTOFLUOROGRAM* 


NUMBER PER CENT NUMBER PER CENT 
RESECTED RESECTED ALIVE ALIVE 


**Preclinical”’ 
Asymptomatic 
Symptomatic 


‘linically manifest 


Total 


° Follow up to March a 1953 


The 3 patients whose lungs were resected are still alive eleven to fifty-two 
months postoperatively. The inoperability of the other 4 asymptomatic persons 
may well have been due to refusal of hospitalization by the patient until metas- 
tasis had occurred, in one instance, and to errors in medical management or judg- 
ment in the other 3 instances (table 3). 

Photofluorographic appearance: Since investigation of symptoms yielded so 
little of prognostic value, the photofluorographic readings were studied in the 
light of information on resection and survival. The 18 persons whose lesions were 
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3 7.0 
l l 
2 
l 1 
l 
l 
l 
7 3 43.0 3 43.0 
43 ll 26.0 6 14.0 
27 30.0 5 19.0 
| 77 22 29.0 14 18.0 
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so unimpressive as to have been missed or read only as “suspect tuberculosis’’ on 
the photofluorograms had a much better prognosis than the 59 with lesions defi- 
nitely suggestive of tuberculosis or neoplasm (table 4). 

When the photofluorographic appearance was suggestive of tuberculosis only, 
clinical study was concentrated on tuberculosis alone for too long a period. The 


following case illustrates this point. 


TABLE 4 
RESECTION AND SURVIVAL ACCORDING TO PHOTOFLUOROGRAPHIC FINDINGS 
ON First ABNORMAL 


UMBER PER CENT NUMBER 
RESEC TED RESECTED LIVING 


False negative f 15.0 
Suspect ‘ 43.0 
Tuberculosis only 2: 20.0 
Suspect neoplasmft : 26.0 


Total 77 2: 29.0 


* Follow-up to March 1, 1953. 
t 0.3 per cent of all photofluorograms were so classified 


Case 1. H. B., a fifty-nine-year-old white bartender, had a photofluorogram on June 9, 
1947, which was read as ‘‘moderately advanced active tuberculosis with infiltrations in the 
left upper lung field and at the right base.’’ Suspicion of neoplasm was not mentioned. He 
was interviewed on June 20, 1947. No symptoms could be elicited. His private physician, to 
whom he had been referred, reported on June 30, 1947, that there were ‘‘no signs, symptoms 
nor sputum so no tuberculosis.’’ On July 1, 1947, a chest clinic reported “reinfection tu 
berculosis.’’ On the basis of one 14- by 17-inch roentgenogram, another physician reported 
‘‘well healed tuberculosis.’’ Four months later, on November 6, 1947, because of left chest 
pain of six weeks’ duration and retinal detachment, the man was hospitalized. He died on 
November 28, 1947. Autopsy revealed adenocarcinoma of the left lung 


Carcinoma and tuberculosis: The finding of tubercle bacilli on a single smear 
is inadequate for diagnosis of tuberculosis. Even when repeated positive sputum 
examinations for M. tuberculosis confirm the radiologist’s findings, the possibility 
of associated bronchogenic carcinoma must be kept in mind in men more than 
forty-five years of age. In this small series of 77 cases, 6 men, representing 8 per 
cent, had both active tuberculosis, with M. tuberculosis in the sputum, and carci 
noma. This is approximately the same proportion as that reported by Fried (7), 
Martin and Beaudet (8), and Moll, (9). All of the 6 men with both tuberculosis 
and carcinoma have died. 

Symptoms without photofluorographic abnormalities: What of the group of per- 
sons with symptoms and normal-appearing photofluorograms? It can only be 
surmised what lies among this group by studying earlier photofluorograms avail 
able on the 22 persons in the series who later were proved to have cancer. On 
retrospective review, there were 11 whose previous photofluorograms were again 
interpreted to be normal. Only 3 of these had resectional surgery and all have 
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5 15.0 

2 29.0 

3 12.0 

4 12.0 

14 18.0 
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died. In 11 instances, erroneous interpretations of normal had been made on the 
last previous photofluorograms before those films were recognized as abnormal. 
Of these 11 patients whose films were first erroneously interpreted as normal, 4 
underwent resection and are alive eight to fifty-two months following the pro- 
cedure. A fifth man is alive but his lung was not resected. 

Prognosis related to incorrect interpretation of initial photofluorograms: The bet- 
ter prognosis of the patients whose films were incorrectly read as normal com- 
pared with the outcome in the patients with truly normal films was surprising, 
and so was examined in detail. The two groups were comparable in age and tissue 
diagnosis. The median age for the patients with erroneously normal films was 
fifty-nine years as compared with fifty-eight years for those with truly normal 
films. There were 8 squamous and 3 undifferentiated carcinomas among the 
“erroneously normal film” group, whereas there were 9 squamous and 2 undiffer- 
entiated carcinomas among the “truly normal film” group. The two groups were 
quite comparable, therefore, although it is recognized that rate of tumor growth 
varies within the same histologic classifications. The difference between these two 
groups is undoubtedly related to the sites of origin of the tumors. Insufficient 
data are available to permit comparisons from this standpoint. 

Unless super-voltage survey techniques become feasible, it is unlikely that 
three-quarters of bronchogenic carcinomas which arise in major bronchi can be 
detected roentgenographically until they have: (/) impaired bronchial drainage 
and thus given rise to distal suppuration; (2) partially blocked a bronchus, pro- 
ducing obstructive emphysema; (3) completely blocked a bronchus, producing 
atelectasis; or (4) grown so large as to present a visible mass. In only one-quarter 
of the cases can early detection of peripherally located cancers be anticipated 
because of their favorable situation, being surrounded by air-bearing paren- 
chyma. Even then, such lesions when small may easily be overlooked on single 
photofluorograms if they lie behind bony structures or the heart. 

The main difference in prognosis between the members of the two groups who 
had previous photofluorograms available for review may be due to the fact that 
the median interval for the erroneously interpreted “‘normal film’ group was 
twelve months, while that for the patients with truly normal films was seventeen 
months. 

Had provision been made for comparison of serial photofluorograms, it is un- 
likely that the films would have been erroneously interpreted as normal year after 


year as homogeneous shadows gradually increased in size. While it may be ad- 
ministratively difficult, investigation should be made of the magnitude of the 
yield when serial ‘‘normal’’ photofluorograms in men over forty-five years of age 


are compared. 

In most instances, those who had available previous normal photofluorograms 
had had symptoms develop between the last normal film and the first abnormal 
one. This does nor necessarily imply that, if more frequent films had been ob- 
tained, roentgenographic changes might not have preceded symptoms. A sound 
evaluation of the relative roles of symptoms and roentgenographic changes will 
have to await the results of forward studies such as those of the Philadelphia 


Pulmonary Neoplasm Research Program. 
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TABLE 5 
RESECTION AND Survivat AccorpiInG To Tissue DIAGNosis 


PERCENT | NUMBER PERCENT | NUMBER 
ssU IAGNOSIS NU 
OF TOTAL | RESECTED | RESECTED ALIVE 


Squamous 45 58.44 15 33.0 
Adenocarcinoma 11 14.29 3 27.0 
Undifferentiated 17 22.08 4 24.0 
Definite tissue unspecified 4 5.19 


Total 7 100.00 


Resection and survival related to tissue diagnosis: In more than half the cases, 
the tissue diagnoses were squamous-cell carcinoma. Resection and survival 
rates were better for the patients with squamous-cell carcinomas than for those 
with adeno- or undifferentiated carcinomas (table 5). 

Among the 63 persons in the series who died, the average length of survival 
from the time of the abnormal photofluorogram was 11 months for those in whom 
the lung was not resected compared with 16.1 months for those in whom the 
lung was resected. 


DISCUSSION 


Of 77 consecutive cases of bronchogenic carcinoma uncovered by survey, 50 
could be considered preclinical in the sense that the patients had not consulted 
physicians; hence, survey techniques were the only possible means for detection 
of the tumor. 

Only 7 of the 77 patients were truly asymptomatic. There was no difference in 
resection and survival rates between the 43 persons whose symptoms could be 
elicited only on careful questioning and the 27 whose illness had caused them to 
seek medical advice. In general, the prognosis appears no better in survey-discov- 
ered bronchogenic carcinoma than in lung cancer reported by thoracic surgeons. 
This seems due to the limitations of chest roentgenography, the low index of 
suspicion on the part of radiologists and clinicians, and to a lack of understanding 
on the part of patients so that they fail to obtain chest films often enough or fail 
to accept recommendations in regard to hospitalization and resection. Two- 
thirds of 22 patients who underwent resections are alive one to six years post- 
operatively as compared with 10 per cent of the 55 whose lungs were not resected. 

While all of the 77 tumors in the present series were found because of roent- 
genographic changes, an examination of the records and films of the 22 persons 
for whom previous photofluorograms were available suggests that clinical study 
of symptomatic men more than 45 years of age with normal photofluorograms 
might yield better results. For the small group with peripherally located ‘“‘silent’”’ 
carcinomas, serial roentgenograms are the case-finding techniques of choice. 


SUMMARY 


The prevalence of proved bronchogenic carcinoma among 142,156 persons who 
were examined roentgenographically at two official Philadelphia survey units 
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was 30 per 100,000. Age and sex were important factors. The prevalence for those 
more than 45 years of age was fifty times that for those less than 45. The preva- 
lence for males was more than ten times that for females. There was no difference 
in prevalence between whites and nonwhites. 

Among 77 consecutive proved cases of survey-discovered bronchogenic car- 
cinoma, the resection rate was 29 per cent; and, during a follow-up period of 
three months to six years, the survival rate was only 18 per cent. 

Less than 10 per cent of the patients in the series were asymptomatic. In view 
of the poor prognosis, education is needed for both the public and the medical 
profession to emphasize that survey films do not constitute adequate study when 
symptoms are present. When symptoms are absent, chest roentgenograms are 
recommended every six months for men more than 45 years of age. 

Among 22 persons with previous normal photofluorograms available, the films 
immediately preceding those read as abnormal were reviewed. Eleven were found 
to be definitely normal even on retrospective review, while 11 were found to have 
been erroneously interpreted as normal. The need for “over-reading” of survey 
films is obvious. Suspicion of neoplasm is indicated in men more than 45 years old 
when any film abnormality is present. Comparison of serial films on men more 
than 45 years old is wise even when readings have been designated normal. 

All of the 11 patients whose photofluorograms were preceded by true normal 
films have died. The median interval between the normal photofluorograms and 
the first recognized abnormal photofluorogram was seventeen months, again 


suggesting the need for more frequent chest roentgenograms in older men. 
There were 6 cases of concurrent active tuberculosis with sputum positive for 

M. tuberculosis and bronchogenic carcinoma. Even when the diagnosis of active 

pulmonary tuberculosis is unequivocal, the possibility of associated lung cancer 


should be borne in mind. 
Evaluation of the carcinoma among symptomatic older persons with normal 
photofluorograms is indicated. 


SUMARIO 
Carcinoma Broncégeno Preclinico 


Entre 142,156 personas examinadas roentgenogrdficamente en dos Unidades oficiales de 
Encuesta de la ciudad de Filadelfia, la frecuencia del carcinoma broncégeno confirmado 
aleanzé a 30 por 100,000. La edad y el sexo constituyeron factores importantes. La fre 
cuencia en los sujetos de mds de 45 afios de edad fué cincuenta veces mayor que en los de 
menos de 45. En los varones representé mds del décuplo que en las mujeres. No hubo dife 
rencia en los coeficientes entre las personas blancas y las de otras razas. 

Entre 77 casos consecutivos comprobados de carcinoma broncégeno descubierto en las 
encuestas, el coeficiente de reseccién fué de 29 por ciento; y, durante un perfodo de observa- 
cién subsiguiente que duré de tres meses a seis afios, el coeficiente de sobrevivencia no pasé 
de 18 por ciento 

Menos de la décima parte de los enfermos eran asintomdticos. Visto el pronéstico des 
favorable, se necesita educar tanto al pdblico como a la profesién médica a que comprendan 
bien que las radiografias de las encuestas no constituyen un estudio adecuado cuando 
existen sintomas. Si no los hay, recomiéndanse radiografias torécicas cada seis meses para 
los varones de mds de 45 afios de edad 
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En 22 personas para las que habia a mano previas fotorroentgenografias negativas, se 
estudiaron las que precedian inmediatamente a las consideradas como anormales. Once 
resultaron ser negativas aun repasadas retrospectivamente, en tanto que en 11 se descubrié 
que hab{ian sido interpretadas erréneamente como negativas. Resulta manifiesta la necesi- 
dad de repasar cuidadosamente las radiografias tomadas en encuestas. Queda indicada una 
sospecha de neoplasia en varones de mds de 45 afios siempre que exista la menor anormalidad 
Aun siendo negativas las lecturas, es prudente comparar radiografias seriadas en varones 
de dicha edad 

De los 11 cuyas fotorradiografias fueron precedidas de radiografias verdaderamente 
negativas, todos han muerto. El tiempo transcurrido entre las fotorroentgenografias 
negativas y la primera fotorroentgenografia reconocida como anormal promedidé diecisiete 
meses, sugiriendo de nuevo la necesidad de obtener radiografias tordcicas con mds frecuencia 
en los varones de cierta edad 

Hubo 6 casos de coexistencia de tuberculosis activa con esputo positivo para el M 
tuberculosis y carcinoma broncégeno. Aun siendo indudable el diagndéstico de tuberculosis 
pulmonar activa, hay que tener presente la posibilidad de c4ncer pulmonar concomitante 

En las personas asintomdticas de cierta edad con fotorroentgenografias ‘“‘negativas,”’ 


est4 indicada la consideracién del carcinoma 


RESUME 


Cancer bronchogéne préclinique 


La fréquence du cancer bronchogéne confirmé, parmi les 142.156 individus qui furent 
examinés radiologiquement dans deux unités officielles de l'Enquéte de Philadelphie, 
atteignait 30 pour 100.000. L’Age et le sexe constituaient des facteurs importants. La fré- 
quence, chez les sujets au-dessus de 45 ans, était cinquante fois plus élevée que celle en 
registrée chez ceux au-dessous de 45 ans. La fréquence était dix fois plus élevée chez l"homme 
que chez la femme. Il n’y avait pas de différence de fréquence entre la race blanche et la 


noire. 

Parmi une série de 77 cas de cancer bronchogéne confirmé, qui ont été révélés par l’en- 
quéte, le taux des résections a été de 29 pour 100; le taux de survie n’a été que de 18 pour 100 
pendant une période d’observation de trois mois A six ans. 

Un diziéme seulemer* des cas de cette série était asymptomatique. En raison du pronostic 
défavorable, il y a lieu d’instruire & la fois le public et les médecins pour bien montrer 
que les radiographies des programmes d’enquéte ne constituent pas une étude adéquate 
quand les symptémes existent. En l’absence de symptémes, il est conseillé de faire des 
radiogrammes du thorax tous les six mois chez les hommes de plus de 45 ans 

Parmi 22 individus dont les radiogrammes antérieurs étaient négatifs, on a procédé a 
un nouvel examen des films précédant immédiatement les clichés considérés anormaux. 
Dans onze cas |’interprétation négative a été confirmée par l’examen rétrospectif; dans 
onze cas l’interprétation négative a été trouvée erronée. La nécessité d’un examen minu 
tieux des clichés effectués au cours des enquétes est évidente. Toute anomalie apparaissant 
dans un cliché chez un homme ayant dépassé 45 ans doit faire penser au néoplasme. La 
comparaison des films en série chez les sujets de plus de 45 ans est une mesure de prudence, 
méme lor&que |’interprétation des clichés a été négative 

Les 11 sujets, dont les radiogrammes positifs avaient été précédés par des clichés absolu 
ment négatifs, sont morts. L’intervalle moyen etre les radiogrammes négatifs et les pre 
miers clichés reconnus anormaux était de dix-sept mois, ce qui indique encore le besoin de 
radiogrammes plus fréquents chez les individus ayant dépassé 45 ans 

Il y avait 6 cas od la tuberculose en activité avec crachats positifs pour le M. tuberculosis 
était associée au cancer bronchogéne. Méme quand le diagnostic de tuberculose pulmonaire 
en activité est certain, il y a lieu de penser qu’il peut exister un cancer du poumon 

En présence de symptémes pathologiques chez des sujets d’Age mfr dont les radiogram 
mes sont ‘“‘négatifs’’ la recherche du cancer est indiquée 
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INTRODUCTION 


The ultimate decision concerning the efficacy of any antimicrobial agent in the 
treatment of leprosy will be reached only through extensive clinical study. Such 
clinical investigation is necessarily costly and time consuming, however, and 
must be limited to an evaluation of carefully selected compounds. Such studies 
are complicated, moreover, by the lack of established criteria upon which to 
base an evaluation of drug effects in a disease such as human leprosy. It has been 
suggested that precise information concerning the activity of possibly useful 
compounds in an experimental disease caused by microorganisms possessing 
the intracellular growth characteristics of human leprosy bacilli might assist in 
the recognition and development of compounds worthy of clinical trial. Due to 
the slow development of murine leprosy, however, the classical methods of study 
of this experimental! disease to date have suffered from many of the same difficul- 
ties encountered in clinical work. 

In the present investigation, an attempt has been made to ascertain if short 
term chemotherapeutic trials in mice, similar to those now widely used in the 
evaluation of antituberculous agents, are adaptable to murine leprosy. In the 
absence of distinctive gross pathology and of the ability to make microbial 
counts by the conventional pour-plate technique, evaluation has been based on 
microscopic estimates of the numbers of stainable bacilli in the organs of in- 
fected animals at various time periods. 

Credit for development of the technique described herein is due in large part 
to one of the four writers (J. H. H.) whose experience with the murine leprosy 
bacillus over a period of many years made it possible for him to outline a feasible 
procedure and to postulate in advance the nature of the results which could be 
obtained with it. The technique is based in part also upon studies reported by 
Grunberg and Schnitzer (1) and on techniques used previously for evaluation of 
antituberculous compounds (2-4). 


MATERIALS AND METHODS 


All experiments were conducted with the Hawaiian strain of the murine leprosy bacillus 
which was maintained in viable form by serial passage at six-month intervals in the Wier- 
sing strain of white rats 


1 From the Research Division, Chas. Pfizer & Co., Inc., Brooklyn, New York, and 
Leonard Wood Memorial Bacteriological Laboratory, Department of Bacteriology and 
Immunology, Harvard Medical School, Boston, Massachusetts. 
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Mice of the Dba strain* (males weighing 18 to 22 gm.) were used throughout all chemo- 
therapeutic studies. The animals were infected intraperitoneally with 0.4 ml. of a 2 per cent 
tissue homogenate (T,) of Mycobacterium leprae murium from rat testis.* In each instance 
the testicular suspension was obtained, by the method described below for mouse spleen 
homogenates, from a rat which had been infected intratesticularly with 0.2 ml. of rat testis 
suspension (T;) six months previously 

In chemotherapeutic studies, a minimum of 10, and frequently 20, mice were used for 
each dosage of each drug tested. Unless otherwise specified, treatment was started twelve 
hours after infection and was continued for a period of twenty-nine to forty-two days, at 
which time the animals were sacrificed 

Spleens: At autopsy the spleens were removed aseptically. Those from each set of ani- 
mals were pooled, weighed, and treated in the following manner 

Preparation of tissue homogenate: Small pieces of the previously weighed tissue‘ were 
placed between the blades of a Waring Blendor which had been chilled overnight at —80°C. 
The amount of sterile distilled water necessary to yield a 10 or 20 per cent tissue suspension 
(Tyo or Tyo) was calculated and a portion of this was pipetted into the blender. The tissue 
was blended for two periods of thirty seconds each, with an interim period of thirty seconds. 
The blend was then transferred to a series of Porter Mills,* care being taken to rinse the 
blender well with a small quantity of sterile distilled water which was then added to the 
blend. The blended suspension was then homogenized for four minutes, the concentration 
of tissue brought to Ty or Tw, as desired, and the homogenate transferred to screw-cap 
tubes. 

Population counts: The homogenate was diluted in 1 per cent formalin-milk,* as re 
quired, and standard 2 mm. loopfuls were spread uniformly over a series of four standardized 
8 mm. circles on a glass slide. Smears were dried over a water-bath at 100°C., allowed to 
cool, and then covered with a solution of 0.5 per cent gelatin in 0.5 per cent phenol. Smears 
were again dried by heating over a water bath at 100°C. Slides were placed in formalin fumes 
for three to five minutes, heated to drive off the formalin fumes, and finally stained by the 
Zieh|-Nielsen technique 

Microscopic counts of the numbers of acid-fast bacilli present in each of four of the 8 
mm. circular smears, using fields across the diameter of the smear at 1 mm. distances, were 
made on each tissue homogenate, i.e., the slide was moved 1 mm. at a time, as indicated by 
a substage micrometer, to allow examination of 9 fields per smear. Only the organisms in 
the portion of each field which fell within the area defined by a 5 mm. counting square’ 


* Obtained from Rockland Farms, New City, New York 

* Estimated number of bacilli in challenge dose: approximately 1.5 to 2.0 billion cells. 

‘ Prior to blending, testicular tiasue to be used for infection of other rats and/or mice 
was tested with tetrazolium. One per cent of tetrazolium violet in water was used as stock 
solution. A 0.2 per cent solution in 0.15 M phosphate buffer (pH 7.5) was prepared from the 
stock solution as needed. A small piece of tissue was placed in 0.5 ml. of the 0.2 per cent 
solution and allowed to stand for fifteen minutes. Tissue suitable for use became deep red 
in color. Tissues showing a color reaction of less than two plus to three plus were discarded 
as unsuitable for use 

* Manufactured by Macalaster & Bicknell, Inc., Cambridge, Massachusetts. Used with 
Motor No. 5230, 115 volts, type B, 50-60 cycles: H. M. Welch Scientific Co 

* Prepared as follows: Dissolve 10 gm. of Difco purple milk in 90 ml. of 1/150 M Na,HPO,; 
add 30 drops of IN-—-NaOH; then add to the milk slowly a mixture of 5 ml. of 10 per cent 
potassium alum and | ml. of formalin, while shaking to disperse the precipitate. Bring vol- 
ume to 100 ml. by addition of 10 per cent purple milk. Centrifuge for five minutes at ap 
proximately 5) revolutions per minute. Draw off supernatant and discard sediment. Dilute 
to 1 per cent milk by addition of 0.5 per cent formalin. The optimum dilution of ho- 
mogenate depends upon the number of bacilli present in the tissue and was determined for 
each tissue homogenate. Ten bacteria per field were considered optimum for counting 

? American Optical Co. eyepiece No. 422; net reticule, 21.15 mm. diameter, 5 mm. square 
5 


ruled into 0.5 mm. squares 
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were included in the counts (5). In general the counts on the 9 fields in any given smear were 
approximately 1, 2, 3, 3.3, 3.5, 3.2, 3, 2, and 1 times the number observed in the first field 
The population count on any tissue homogenate was calculated according to the formula 


Tx population count 


total number of bacilli counted ae 20 
; : X dilution in formalin milk X< 
total number of fields counted per cent tissue 


RESULTS 
Evaluation of the Method 


The first group of experiments conducted by this procedure were designed to 
test the validity of the technique. 


COUNTS (SPLEEN) 


OB AL 


DAYS AFTER INFECTION 
Fic. 1. Populations of M. leprae murium in mice: microbial counts of spleen suspensions 


(per cent tissue: To) 
O-—-—-O Viable suspension 
Heat-treated suspension (30 minutes—60°C.) 
7 @ Heat-treated suspension (5 minutes—100°C.) 


Multiplication of M. leprae murium in mice as evidenced by microbial counts on 
spleen suspensions: Preliminary experiments were conducted to determine the 
rate at which M. leprae murium increased in number in spleen suspensions of 
mice infected according to the method described above. Counts were made for 
comparison at 7, 14, 29, 36, 50, and 57 days after injection, on spleen suspensions 
of animals injected intraperitoneally with suspensions of viable bacilli and with 
organisms previously heated at 60°C. for thirty minutes and at 100°C. for five 
minutes. The results obtained in this experiment are illustrated in figure 1. 
Following injection of suspensions of viable bacilli, organisms were detectable in 
spleen suspensions within 7 days. The actual bacillary counts increased steadily 
during the first 30 days after infection and rose sharply thereafter. There was no 
increase over a 60-day observation period in the number of acid-fast organisms 
detected in spleen suspensions of animals injected with heat-treated bacilli, the 
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number of organisms remaining persistently low. It is of interest, however, that 
the spleen suspensions from animals injected with heated bacilli were never 
totally free of stainable acid-fast bacilli. The range between the population 
curves obtained with viable and with heat-treated bacilli in this experiment was 
large and it seemed probable, therefore, that drug evaluation would be possible 
between the thirtieth and sixtieth days. 

Effect of heat upon viability of M. leprae murium: Population curves on spleen 
suspensions from mice injected intraperitoneally with heat-treated suspensions of 
M. leprae murium indicated a gradual decrease in the numbers of stainable cells 
as the length of the heating period was increased. In all instances, however, 
small numbers of stainable bacilli were apparent in the tissue suspensions. The 
resultant curves (figure 2) perhaps serve as a measure of the ability to kill Myco- 
bacterium leprae murium, and thus of their viability. It is obvious that, if heat- 
treated suspensions are used as controls in studies of this nature, the period of 


(SPLEENS) 


HEATING PERIOD: TIME IN MINUTES 


Fic. 2. Effect of heat upon inocula of M. leprae murium as evidenced by population 
curves in vivo. Spleen counts (per cent tissue: T») at 24 days post infection 


heating must be standardized. Comparable spleen homogenates from uninfected 
mice invariably showed no stainable acid-fast bacilli. 

Reproducibility of population counts within the same laboratory: In a single experi- 
ment, two series of animals were infected simultaneously and treated identically 
throughout the course of a 30- to 31- day period. The animals were then sacrificed 
and population counts made independently on each of the two series of animals. 
The results shown in table | indicate that departures from the mean as great 
as plus-minus 20 per cent occur rarely when the bacterial populations in com- 
parable tissue suspensions are counted by the same operator working under 
constant conditions 

Reproducibility of results based on population counts made in different labora- 
tories: In a subsequent experiment, two series of animals were again infected 
simultaneously and treated identically throughout the course of a 30- to 31- 
day period. At the end of this period, the animals were sacrificed and, on the day 
of sacrifice, half were forwarded to an independent laboratory (B) where spleen 
homogenates were prepared and population counts were made simultaneously 
with, but independent of, the original laboratory (A). 
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o---~- 00°C 
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REPRODUCIBILI 


Promin 
Iproniazid 


TABLE 1 


ry OF 


ORAL DOSAGE 


Me 


50 mg. daily 
2.5 mg. daily 


Per Mouse Per Dose 


SERIES NO 


>pleens 


PorpuLaTion Counts Mape 1n Same LABORATORY 
(Mice 


s 


Counts* 


1) 


ERIES NO. 2 


Spleens 


Counts* 


Promin 50 mg. twice weekly 
50 mg. twice weekly 


2.5 mg. twice weekly 


Amithiozone 
Iproniazid 
Isoniazid 2 


to 
2 


5 mg. twice weekly 


Controls 
Infected with viable bacilli 
Injected with heated bacilli: 100°—5 minutes 
Injected with heated bacilli: 60°—30 minutes 
Uninfected 


ep an : total number bacilli counted 
Population counts on Tx» suspensions = ‘ dilution in 
total number fields counted 
20 
formalin milk X 
per cent tissue 


All counts made at 31 days after infection by Laboratory A. 


TABLE 2 
REPRODUCIBILITY OF Resutts Basep on PoruLaTtTion Counts IN DIFFERENT 
LABORATORIES (A B) 


(Mice) 


ORAL DOSAGE LABORATORY A* LABORATORY Bf 


EXPERIMENT 


Spleens 
NUMBER 


Spleens 
Mg. Per Mouse 


Per Day Average Bacilli 


Counts Per Field 


50 11.0 
Isoniazid 2.5 : 1.0 


Amithiozone 64 


Controls 
Infected with viable bacilli 
Injected with heated bacilli 
(100°C 
Uninfected 


5 minutes 


Controls 
Infected with viable bacilli 
Injected with heated bacilli: 
(100°C-—5 minutes) 
Injected with heated bacilli 
(60°C—30 minutes) 
Uninfected 10/1.9 0 0 


opulation counts: See legend for table 1. Counts made at 30 to 31 days after infec 
tion by Laboratory A 
t Population counts 


by B on 
Counts made at 30 to 31 days after infection, on 


See legend for table 1. Counts made Laboratory mice 
infected and treated by Laboratory A 


tissue suspensions made with 2 ml. of distilled water per spleen 
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The results obtained by the two laboratories on comparable sets of animals are 
illustrated in table 2. The actual counts obtained by the two laboratories dif- 
fered significantly. This may be accounted for readily by the fact that laboratory 
B made individual counts on 3 to 4 animals (unpooled) per set, using spleen 
suspensions prepared by the addition of 2 ml. of water to each spleen, irrespective 
of weight. Laboratory A, in contrast, used a 20 per cent (Tx) pooled spleen 
suspension throughout. 

The differences in bacillary counts were minimized if the data of laboratory A 
were calculated for the dilution system used in laboratory B and the ratios be- 
tween control and drug-treated animals were then determined for each set of 
data. 

It is of interest that the relative effectiveness of isoniazid, as compared with 
amithiozone, was the same in both laboratories. 

Reproducibility of population counts over a two-year period: The reproducibility 
of results from experiment to experiment, conducted in a single laboratory over 
a two-year period, is illustrated in figure 3. Population counts on control animals 
from 14 different experiments are shown. All counts were made by a single 
operator. The range between the counts on different sets of mice at the same 
period was narrow. Despite this, it is recommended that counts on drug-treated 
animals be compared only with counts on control animals infected and tested 
simultaneously with the treated animals. Use of average or composite curves, 
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Fic. 3. Population counts on spleen suspensions from untreated control mice: composite 
data from 14 experiments. (Tissue suspensions: per cent tissue: Tx) 
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N 
COUR 


MICROBIAL 


MICROBIAL 


7 
75 

DAYS AFTER INFECTION 
Fic. 4. Populations of M. leprae murium in tissue suspensions of drug-treated animals 


Subcutaneous therapy. 
Vice: spleen counts: per cent tissue: Tx 
Curve A—Saline 0.1 ml. per mouse b.i.d. 
Curve B—Promin 10 mg. per mouse q.d 
Curve C—Isoniazid 0.5 mg. per mouse b.i.d 
Curve D—Isoniazid 1.25 mg. per mouse b.i.d. 
Rats: testicular counts: per cent tissue: Tx» 
Curve A—Saline 0.1 ml. per rat b.i.d 
Curve B—Isoniazid 1.25 mg. per kg. b.i.d 
Curve C—Isoniazid 2.5 mg. per kg. b.i.d 
Curve D—Isoniazid 5 mg. per kg. b.i.d 
such as the one shown in figure 3, is not recommended due to possible variation 
in the testicular suspensions used for infection of the mice. 

The effect of various dosages of isoniazid upon population counts in mice and 
rats: Evidence has been presented above to show the range of population counts 
in spleen suspensions of mice injected intraperitoneally with viable and with 
heat-treated suspensions of Mycobacterium leprae murium. Evidence has been 
presented also to establish the reproducibility of counts made under controlled 
conditions. 

Preliminary observations on the action of Promin and of isoniazid on the 
population counts in spleen suspensions of mice infected with Mycobacterium 
leprae murium were conducted to evaluate the use of this technique for chemo- 
therapeutic studies and to evaluate the extent to which variation in dosage of an 
effective drug would modify the population count. 

Mice infected intraperitoneally with M. leprae murium were treated by the 
subcutaneous route, once daily, with varying dosages of isoniazid and with 
Promin for periods of 34 and 63 days, respectively. At the end of the treatment 
period, animals were sacrificed and the number of stainable acid-fast bacilli was 
determined in spleen homogenates. For comparison, a similar experiment was 
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conducted in rats infected intratesticularly. In the latter instance, microbial 
counts were made at 90 days on testicular suspensions prepared in a manner 
identical to that described above. 

From the data obtained in these experiments and illustrated in figure 4, it was 
apparent that a quantitative measure of the activities of chemotherapeutic 
agents against M. leprae murium might be obtained in mice as well as in rats. The 
bacteriostatic action of isoniazid and of Promin was readily apparent in mice 
examined 34 days after infection. Differences in the effect of the two dosages of 
isoniazid tested and the relative activity of isoniazid and Promin were only 
questionably apparent at this period. In mice examined 63 days after infection 
and in rats examined 90 days after infection, the degree of activity of isoniazid 
was almost directly proportional, until maximum effects had been achieved, to 
the size of the daily dose and, indeed, the greater activity of isoniazid as com- 
pared with Promin was readily demonstrable. 


Evaluation of Compounds Currently of Interest in the Chemotherapy of Leprosy 

The observations presented above have defined the way in which this type of 
experimental! infection develops in mice, and have indicated furthermore that the 
method described should be adequate for evaluation of chemotherapeutic agents 
active against Mycobacterium leprae murium. Thus, to establish a baseline for 
future comparison and to test the method further, it seemed advisable to evaluate 
the compounds of current interest in the chemotherapy of leprosy, using various 
dosage regimens. In addition, certain other readily available antimicrobial 
agents were included in the study. 

Chemotherapeutic action of drugs administered daily to animals started on therapy 
within 12 hours after infection: Using the technique discussed above, mice infected 
with Mycobacterium leprae murium were treated daily with various dosages of 
iproniazid, isoniazid, Promin, amithiozone, 4,4’-diaminodiphenyl sulfone, 
streptomycin, streptomycin in combination with isoniazid, oxytetracycline 
(Terramycin®), and actithiazic acid (6). Treatment was started by the subcu- 
taneous route 12 hours after infection and continued for periods ranging from 
30 to 42 days, at which time the animals were sacrificed and microbial counts on 
spleen suspensions were made. 

In the dosages used, oxytetracycline (2.5 and 5.0 mg. per day) and actithiazic 
acid (10 and 20 mg. per day) proved ineffective. The results obtained with the 
remaining compounds are illustrated in figure 5, in which activity is expressed in 
terms of the ratio of population counts on control animals to those on treated 
animals. For the purpose of evaluation, this ratio has been compared to the 
maximum anticipated response which was accepted as being equivalent to the ratio 
between the population count on spleen suspensions from control animals and 
that on spleen suspensions from animals injected with heat-treated bacilli (100°C. 
for 5 minutes). 

Based on the data obtained in these experiments, it is apparent that isoniazid 


and streptomycin, alone and in combination, are far more effective than the 
widely used antilepromatous agents, Promin and 4,4’-diaminodipheny! sulfone. 


* Proprietary name of Chas. Pfizer & Co., Inc., Brooklyn, New York 
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Fig. 5. Effect of drug therapy in infections due to M. leprae murium as evidenced by 
population counts on mouse spleen suspensions (per cent tissue: T»). Subcutaneous ther- 
apy. Efficiency of drugs is expressed in terms of the ratio of population counts on control 
animals to those on treated animals. 
Left 
Curve A—Isoniazid 
Curve B—Iproniazid 
Curve C—Amithiozone 
Curve sulfone 
Curve E—Promin 


Right: 
Curve A—Streptomycin plus isoniazid (plotted on basis of streptomycin dosage; 


0.25 mg. isoniazid with each 1.0 gm. streptomycin: arrows indicate pull of curve 
to left to plot on basis of isoniazid content). 

Curve B—Isoniazid 

Curve C—Streptomycin 

Curve D—Promin 


Chemotherapeutic action of drugs administered daily to animals started on therapy 
8 to 21 days after infection: Subsequent experiments were conducted to evaluate 
the ability of isoniazid to control the infection when start of therapy was delayed 
until microbial counts on spleen suspensions of sacrificed control animals showed 
significant numbers of acid-fast bacilli. Counts on untreated control animals were 
made the day before the start of therapy and simultaneously with all counts on 
drug-treated animals. Therapy was started in two series of animals on the eighth 
day, in four series on the fifteenth day, and in two series on the twenty-first day 
following infection. Treatment was continued until the day on which animals 
were sacrificed for evaluation, e.g., 21 or 42 days of therapy. The results are 
illustrated in figure 6. 

From the results obtained in these experiments, it is apparent that, under the 
conditions used, isoniazid in dosages of 1 and 2 mg. per mouse per day was 
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Fig. 6. Effect of delayed therapy with isoniazid and Promin upon populations of M. 
leprae murium in mice, as evidenced by spleen counts (per cent tissue: Tx»). Therapy 
started on eighth day (left curve), fifteenth day (center curve), and twenty-first day (right 
curve) of infection 


ee. @ Isoniazid 2 mg. per day; @- -@ Isoniazid 1 mg. per day; O————O 


Promin 10 mg. per day. Efficiency of drugs is expressed in terms of the ratio of population 


counts on control animals to those on treated animals. 


capable of preventing further increase in the numbers of acid-fast bacilli in spleen 
suspensions. In all isoniazid-treated animals, there was indeed a gradual decrease 
in the number of bacilli present to approximately one-half of the number present 
at the start of therapy. The effect of Promin, in the dosages used, was negligible 
under the conditions of these experiments, the number of bacilli in spleen sus- 
pensions approximating at each time period the number in untreated control 
animals, 

Experiments conducted with carbomycin (2.5, 5, and 10 mg. per mouse per day 
subcutaneously and 5, 10, and 20 mg. per mouse per day orally) as well as 
oxytetracycline (5, 10, and 20 mg. per mouse per day orally) indicated that these 
agents were ineffective when administered to mice beginning on the eighth and 
continuing to the twenty-ninth day after infection. 

Chemotherapeutic action of drugs administered intermittently: In figure 7A the 
results obtained in a comparative study of daily and intermittent therapy of mice 
infected intraperitoneally with Mycobacterium leprae murium are illustrated. 
Promin, amithiozone, iproniazid, and isoniazid were used in this comparison. 
The first two of these agents, namely, Promin and amithiozone, showed little or no 
effectiveness in the dosages used. Both iproniazid and isoniazid showed appreci- 
able degrees of activity when administered twice weekly, but were less effective 
than when administered daily. 
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Fic. 7. Comparison of populations of M. leprae murium in spleen suspensions from mice 
receiving intermittent and daily therapy. Spleen suspensions: per cent tissue: Ty. Efficiency 
of drugs is expressed in terms of the ratio of population counts on control animals to those 
on treated animals 

Left: Oral therapy—counts made at 31 days 

Curve A: Isoniazid daily 
Curve B: Iproniazid daily 
Curve C: Isoniazid twice weekly 
Curve D: Iproniazid twice weekly 
Curve E: Amithiozone daily 
Curve F: Amithiozone twice weekly 
Curve G: Promin daily 
Curve H: Promin twice weekly 
Right: Subcutaneous therapy started on eighth day of infection—counts made at 29 days: 
Curve A: Streptomycylidene isonicotinyl hydrazine daily 
Curve B: Streptomycylidene isonicotinyl hydrazine twice weekly. 
Ratio of controls at start to end of therapy = 4.5 


Illustrated in figure 7B are the results obtained in a similar experiment in which 
streptomycylidene isonicotinyl hydrazine (streptomycin and isoniazid in chem- 
ical combination) was tested daily and intermittently in the control of infections 
in mice due to Mycobacterium leprae murium. Treatment was instituted in these 
animals on the eighth day of infection. Chemotherapeutic activity was apparent 
both when the drug was administered daily and when injected intermittently, 
e.g. twice weekly. In the single experiment conducted, 4 mg. total weight of 
streptomycylidene isonicotinyl hydrazine daily was adequate to prevent an in- 
crease in the number of acid-fast bacilli present in spleen suspensions at the 
start of therapy, but did not decrease the number of stainable organisms which 
had been present in such suspensions at the start of therapy. Two to four mg. 
per dose of the drug, administered twice weekly, were less effective than compa- 
rable amounts administered daily but more effective than 0.5 to 1 mg. admin- 
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istered daily. Thus, large individual doses administered intermittently appeared 
more effective than small frequent doses. 

The effects of viomycin and isoniazid, singly and in combination, are illustrated 
in figure 8. Viomycin administered daily showed chemotherapeutic activity 
only when used in high dosage (4 mg. per mouse per day). On intermittent 
regimens, it was ineffective in dosages of 1, 2, and 4 mg. per mouse per dose 
When administered concomitantly with isoniazid, no additive or synergistic 
effect was noted in the range of dosages used. There was no evidence, however, of 
antagonism between these two antimicrobial agents. 


COUNTS 


CONTROL 


RATIO 


DAILY DOSAGE: MG. PER MOUSE 

Fia. 8. Effect of viomycin and isoniazid singly and in combination upon population 
counts of M. leprae murium in spleens of mice (per cent tissue: Tx»). Treatment started 
by subcutaneous route on eighth day of infection; counts made at 29 days. 

= @ viomycin; @----@ isoniazid; O—-—O viomycin plus isoniazid (plotted 
on basis of viomycin dosage; 0.25 mg. of isoniazid with each 1.0 gm. of viomycin; arrows 
indicate pull of curve to left to plot on basis of isoniazid dosage). Efficiency of drugs is 
expressed in terms of the ratio of population counts on control animals to those on treated 
animals. 

Effect of interrupted therapy: In a single, so far unconfirmed, experiment, the 
effect of interrupted courses of therapy was tested. Ten sets of 10 mice each were 
infected with M. leprae murium. Sets 1, 2, 3, and 4 served as controls. These 
were sacrificed and population counts were made at 14, 36, 54, and 78 days after 
infection, respectively. Sets 5, 6, and 7 received 1 mg. of isoniazid per mouse per 
day subcutaneously from the fifteenth to the thirty-fourth days of infection, 
at which time Set 5 was sacrificed and population counts made. The remaining 
two (Sets 6 and 7) were held without treatment until the fifty-fourth day, at which 
time Set 6 was sacrificed for population counts, while therapy was reinstituted 
(1 mg. per mouse per day) in Set 7. This last series (Sef 7) remained on therapy 
until the seventy-eighth day, at which time the animals were sacrificed and 


population counts were again made. Sets 8, 9, and 10 received 0.5 mg. of isoniazid 
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per mouse per day subcutaneously but, in all other respects, were treated com- 
parably to Sets 5, 6, and 7, respectively. 

As illustrated in figure 9, the chemotherapeutic effect of isoniazid which was 
apparent after 20 days of therapy (on the thirty-fourth day of infection) was still 
equally apparent after a subsequent 20-day interval without therapy (on the 
fifty-fourth day of infection). A second course of isoniazid, administered in a 
dosage of 1 mg. daily from the fifty-fourth to the seventy-eighth days of infec- 
tion, resulted in a slight decrease in the number of stainable organisms. In these 
animals, the counts fell from 28 at 54 days to 21 at 78 days. Simultaneously, 
the counts in control animals rose from 119 to 1,018, thus emphasizing the de- 


gree of activity of isoniazid. 


/ TEST COUNTS 


: 
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DAYS AFTER INFECTION 
Fic. 9. Prolonged chemotherapeutic effect of isoniazid upon populations of M. leprae 
murium. Mouse spleen suspensions: per cent tissue: T». Daily therapy by the subcutaneous 
route started on the fourteenth day, discontinued on the thirty-sixth day, resumed on the 
fifty-fourth day, and discontinued on the seventy-eighth day. @———-@ 1 mg. per mouse 
per day; O - - -- © 0.5 mg. per mouse per day. Efficiency of drugs is expressed in terms 
of the ratio of population counts on control animals to those on treated animals. 


DISCUSSION 

As mentioned previously, the development of chemotherapeutic agents for the 
treatment of leprosy has been handicapped to date by various factors, including 
the lack of sufficiently rapid and reliable drug-screening procedures. The lack of 
such techniques is not characteristic of this disease alone; a similar situation 
exists also with respect to viral, fungal, and perhaps certain of the bacterial in- 
fections. The fact that the etiologic agent of leprosy has not been cultivated to 
date in artificial media, the chronic nature of the disease both in animals and in 
man, and the lack of precise information concerning the relationship between 
murine and human leprosy have combined, however, to make the situation with 
leprosy especially difficult. The low incidence of leprosy in the United States, 
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in addition, has led to apathy toward studies designed to obtain the information 
necessary to permit development of definitive chemotherapeutic agents for its 
control. 

In 1951, Grunberg and Schnitzer (1) reported the results of an extensive study 
designed to develop a refined technique for evaluation of chemotherapeutic 
agents against Mycobacterium leprae murium in mice. These investigators demon- 
strated the greater susceptibility of the Wiersing strain of white rats and reported 
that a generalized infection could be produced in mice by intraperitoneal in- 
jection of suspensions of M. leprae murium recovered in large quantity from such 
rats. The fact that the Dba strain of mice is more susceptible to the infection than 
the strain of white mice tested by them was also pointed out by these investi- 
gators, while data were presented to suggest that the effect of drugs upon the 
course of the disease could be demonstrated in such animals. 

The method reported by Grunberg and Schnitzer consists of making compar- 
ative bacillary counts on localized lesions removed from the peritoneum of treated 
and untreated mice four weeks after intraperitoneal infection. Counts are made 
by crushing lesions from each animal onto microscopic slides and estimating the 
number of cells in such smears, after staining, by the use of a scale on which 3.0 is 
used to designate innumerable organisms in each microscopic field. 

In the present report, a modified procedure has been described which likewise 
utilizes the intraperitoneal inoculation of mice with tissue suspensions from in- 
fected Wiersing rats. In this instance, however, counts have been made upon 
suspensions containing known weights of splenic tissue. The spleen was selected 
as a well-defined organ with abundant blood supply which would be heavily 
infected during the generalized stage of the disease. Use of an organ of this 
nature, rather than the localized lesions within the peritoneal cavity, seemed 
advisable in view of the possibility that counts made on certain lesions within a 
given animal might not be an accurate measure of the numbers of organisms in 
lesions elsewhere in the same host. Furthermore, counts on an organ of this 
nature seemed a better measure of the degree of infectivity during the generalized 
stage of the disease. The weight of splenic tissue is easily determined, and counts 
made on suspensions containing known weights of tissue per volume of fluid may 
be truly quantitative in nature. The population counts obtained from day to 
day, and from experiment to experiment, in the study reported herein have been 
remarkably reproducible and have emphasized the potentialities of the tech- 
nique. 

The fact that identical counts were not obtained in the single experiment con- 
ducted simultaneously in two independent laboratories and reported above em- 
phasizes the fact that the techniques used must be identical for comparisons of 
this sort. The fact that the relative effectiveness of the regimens evaluated ap- 
peared the same in the two laboratories indicates the ease with which data may 
be compared when the technical differences are known. 

The method used throughout the present study, like that of Grunberg and 
Schnitzer, does not differentiate between viable and nonviable cells. The pop- 
ulation counts recorded of necessity include all stainable microbial cells. The 
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fact that microbial counts on spleen suspensions from animals injected with 
heat-treated suspensions of M. leprae murium have revealed bacilli in all of the 
experiments described in the present report suggests either that heating at 100°C. 
for five minutes is inadequate to sterilize or that nonviable cells may be trans- 
ported to the spleen and may remain there for long periods of time. The method 
presented offers no means of differentiating in drug-treated animals between 
actively multiplying microorganisms and dormant or nonviable cells. The results 
obtained in a large number of animals which received graded dosages of various 
antimicrobial agents would indicate, nonetheless, that the relative merits of 
chemotherapeutic agents and of varying dosage regimens may be evaluated by 
this technique, provided carefully controlled conditions are used. 

In a recent review, Chang and Doull (7) have called attention to the fact that 
interpretation of results of screening experiments conducted in recent years has 
proved difficult because of variation in the methods used by different investi- 
gators. Chang and Doull have summarized the conflicting results reported in the 
literature, and, although specifically stating that it is not advocated that all 
workers should adopt standard methods and protocols, have proposed that drug 
testing be standardized in certain respects in at least some laboratories. In con- 
sidering this situation it must be recognized, however, that the use of the same 
dosage and route of inoculation of animals presupposes that all suspensions of 
M. leprae murium will be comparable, despite the variations which exist in the 
environment of different laboratories and despite differences in tissue suspensions 
prepared from different animals. Not all strains of mice and rats are available in 
all sections of the country, and strains from one breeder often are not identical 
with those from another breeder, even though they may pass under the same 
strain name. Dosage and mode of administration of drugs vary according to their 
pharmacologic properties and must be determined for each one tested. The period 
of observation furthermore must vary with the facilities of the laboratory in 
question. Thus, the introduction of rigid routine, even in some laboratories, may 
lead to false impressions concerning the effectiveness or ineffectiveness of the 
compounds under test, while flexibility may lead to new and valuable discoveries. 

Nevertheless, one cannot overlook the conflicting data summarized by Chang 
and Doull (7) which pertain to the activity of antimicrobial agents against 
leprosy. Among the sulfones, which are generally accepted as the most effective 
agents in the control of this disease, apparently contradictory reports have ap- 
peared concerning the activity of 4,4’-diaminodiphenyl sulfone and Diasone. 
Likewise, amithiozone and also streptomycin and para-aminosalicylic acid 
(both widely used in the treatment of tuberculosis) have been found active by 
some investigators and inactive by others. Isoniazid has been reported effective 
against M. leprae murium under experimental conditions but ineffective in low 
dosage in the control of the disease in man (8). These results may seem confusing 
at first. Nevertheless, it is probable that careful evaluation of the type of disease 
studied, of the drug dosage used, and of the route of administration and duration 
of therapy might often serve to clarify some of the confusing situations. As in the 
case of other infectious diseases, the host-parasite relationship and the time-dose 
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effect of any chemotherapeutic agent cannot be ignored. A drug is effective only 
if it reaches the site of infection in sufficient quantity and remains there for a 
sufficient period of time to permit it to exert its effect upon the parasite. Small 
numbers of organisms circulating in a readily accessible area, such as the blood 
stream, may be inhibited by a smaller quantity of drug than large numbers of 
organisms in localized or walled-off areas. It is unfortunate indeed that many of 
the studies reported to date have not recorded in detail the information necessary 
for evaluation of the results in relation to those obtained in other studies. 

In the study reported herein, evidence is presented to show that, under the 
experimental conditions used, isoniazid and streptomycin in combination with 
isoniazid (streptomycylidene isonicotinyl hydrazine) are the most effective 
chemotherapeutic agents available today against M. leprae murium. Iproniazid, 
streptomycin, and viomycin appear to be the next most active compounds in the 
control of this infection. Graded dosages have produced graded effects. Viomycin, 
as well as streptomycin, was active when used in combination with isoniazid; 
although no synergistic effect was noted, there was no evidence of antagonism 
among these agents. 

Isoniazid in low dosage was effective when administered either daily or twice 
weekly. Moreover, the effect of this drug was apparent as longas three weeks after 
discontinuance of therapy. Animals infected 8 to 21 days prior to start of iso- 
niazid therapy responded as well as those in which treatment was initiated on the 
day following infection. 

The action of Promin was apparent only when large daily doses were ad- 
ministered. In contrast to the activity of isoniazid, the effects of Promin were 
generally apparent only during the first month after infection even though 
treatment was continued to the end of the observation period. 

In the dosages used and under the experimental conditions employed in the 
present experiments, oxytetracycline, actithiazic acid, amithiozone, 4,4’- 
diaminodipheny! sulfone, and carbomycin were ineffective. 

It is of interest that quantitative differences in the action of antimicrobial 
agents against M. leprae murium were most apparent in the present experi- 
ments when treatment was continued for a period of at least 42 days after in- 
fection. Observations made 30 days after infection served only to differentiate 
qualitatively between active and inactive compounds. 

The data presented suggest that isoniazid, either alone or in combination with 
streptomycin or viomycin, should be effective in the treatment of leprosy. 
Nonetheless, the possibility that effects observed with M. leprae murium in 
mice or rats may not be reproducible in man remains to be evaluated. Barnett 
and Bushby (9) have reviewed recently, however, the evidence to suggest that 
comparable results might be anticipated, while Hanks and Gray (10) have 
summarized evidence to the effect that the therapeutic effectiveness of anti- 
metabolic drugs against less active mycobacteria may be lower and to the effect 
that the greater number of bacilli in established lepromatous disease may re- 


quire very high dosage of drugs such as isoniazid. Thus, it seems likely that 
evaluation of new chemotherapeutic agents clinically will necessitate, as it has 
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in the case of tuberculosis, careful selection of cases in which a drug effect can 
be anticipated. It is not unlikely that, as in the case of tuberculosis, far advanced 
stages of the disease may prove relatively refractory to chemotherapy. It is not 
unlikely, furthermore, that lack of criteria upon which to base selection of cases 
for evaluation of chemotherapeutic agents, as well as lack of criteria upon which 
to evaluate their effects, may have combined to mask the effectiveness of at least 
some compounds in the clinical trials conducted to date. 

In the experiments reported herein, results comparable to the maximum antici 
pated response’ for any given time period were not achieved with isoniazid 
therapy when treatment was withheld until 8 to 21 days after infection. Al- 
though no increase in the number of bacilli in the isoniazid-treated animals was 
noted, there was likewise only a slight decrease in the number of cells during the 
period of observation. Whether or not the residual stainable bacilli in such 
animals were viable cannot be stated from the data available to date. This ob- 
servation is of interest, however, in view of the fact that patients likewise may 
continue to harbor stainable bacilli after therapy which cannot be tested for 
viability because of the present inability either to culture M. leprae murium or 
to transmit the infection from man to animals. 

The greater activity of isoniazid and, to a lesser extent, that of streptomycin, in 
contrast to that of Promin and the commonly accepted sulfones, in experimental 
infections produced by M. leprae murium has been reported also by Barnett and 
Bushby (9) and by Chang (11). It is conceivable, and indeed highly probable, 
that the relative activities of these compounds may be related, at least in part, to 
the relative ease with which they diffuse through cell membranes and to the 
degree of activity which they are capable of exerting in an intracellular environ- 
ment. Although no reports have appeared to date to indicate whether or not the 
sulfones are active intracellularly, evidence has been presented to show that 
isoniazid is as effective intracellularly as extracellularly and that streptomycin is 
partially effective under intracellular conditions, whereas para-aminosalicylic 
acid is ineffective under such conditions (12, 13). 

It is difficult to predict the type of compound which might be effective as a 
chemotherapeutic agent against any infectious disease. Experience in the field 
of chemotherapeutic agents in general, however, leads to the suspicion that a 
satisfactory drug against leprosy would have the following properties: 


(1) It must be capable of inhibiting growth of mycobacteria. 

(2) It must be effective in the presence of body fluids and tissue. 

(3) It must be active against large masses of slowly multiplying microorganisms 

(4) It must be distributed readily throughout the body of the host and must be 
capable of passing through cell membranes and remaining effective in an 
intracellular environment. 

(5) It must possess a sufficiently low degree of toxicity to permit administration 


over prolonged periods of time. 


* The mazimum anticipated response is defined as the ratio between the population counts 
on spleen suspensions of control animals and the counts on spleen suspensions of animals 
injected with heat-treated bacilli (100°C.—5 minutes 
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Unless the Hawaiian strain of Mycobacterium leprae murium differs significantly 
from strains of Mycobacterium leprae which produce disease in humans, there 
seems little reason to believe that drugs fulfilling these five criteria and exerting a 
demonstrable effect against Mycobacterium leprae murium in an infection such as 
is described in the present report should not be effective against the disease in 


man. 


SUMMARY 


A procedure has been described whereby the chemotherapeutic action of 
antimicrobial agents against M. leprae murium may be evaluated rapidly. The 
reproducibility of results obtained by this procedure and the possible parallel 
between such results and those which might be attained in man have been dis- 
cussed. Data have been presented to show that, under the experimental con- 
ditions used in this study, isoniazid and streptomycin in combination with iso- 
niazid (streptomycylidene isonicotinyl hydrazine) are the most effective agents 
available against M. leprae murium. Iproniazid, streptomycin, and viomycin, 
respectively, were the next most effective agents. All of the five compounds 
were active in lower dosages and over more prolonged periods of time than 
Promin. Factors influencing antimicrobial activity in vivo and certain criteria 
which may be essential to an effective chemotherapeutic agent against leprosy 


are discussed. 


SUMARIO 


Justipreciacién de los Agentes Quimioterapéuticos en el Dominio de las Infecciones 
Experimentales Debidas al Mycobacterium Leprae Murium 


El procedimiento descrito permite valuar r4pidamente la accién quimioterapéutica de 
los agentes antimicrobianos contra el M. leprae murium. Discdtense la reproducibilidad de 
los resultados obtenidos con dicho procedimiento y el posible paralelo entre los mismos y 
los que podrian alcanzarse en el hombre. Preséntanse datos para demostrar que, en la situa- 
cién experimental usada en este estudio, la isoniacida y la combinacién de isoniacida y 
estreptomicina (hidracina isonicotinilica estreptomicilidénica) son los agentes mds eficaces 
que haya disponibles contra el M. leprae murium, viniendo después la iproniacida, la estrep- 
tomicina y la viomicina, respectivamente. Todos estos cinco compuestos de mostraron 
activos a dosis menores y durante perfodos de tiempo mds prolongados que la Promina. Dis- 
ctitense los factores que afectan la actividad antimicrobiana in vivo y ciertas propiedades 
que tal vez sean indispensables en un agente quimioterapéutico eficaz contra la lepra. 


RESUME 
Une évaluation des agents chimiothérapeutiques dans la lutte contre l’infection expérimentale 
par la Mycobacterium leprae murium 


Description d’un procédé permettant d’évaluer rapidement |’action chimiothérapeutique 
des agents antibactériens sur le M. leprae murium. La possibilité de reproduire les résultats 
fournis par cette méthode et le parallélisme possible entre ces résultats et ceux pouvant 
étre atteints chez |’homme sont examinés. Les auteurs présentent des données démontrant 
que, dans les conditions expérimentales de cette étude, l’isoniazide et l’isoniazide associeé 
A la streptomycine (streptomycylidene isonicotinyl hydrazine) sont les agents les plus 
efficaces contre le M. leprae murium. Viennent immédistement ensuite par ordre d’efficacité: 
l’iproniazide, la streptomycine et la viomycine. Ces cing composés sont actifs A dose plus 
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faible et pendant des périodes plus prolongées que la Promine. Les facteurs influencant 
l’activité antibactérienne in vivo et certains critéres considérés essentiels pour un agent 
chimiothérapeutique efficace contre la lépre sont examinés 
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INTRODUCTION 


Meningitis caused by Mycobacterium tuberculosis has long been recognized 
as one of the most serious infections of the central nervous system. In the last 
ten years, since streptomycin first became available, this drug alone and in 
combination with other antituberculous agents, such as para-aminosalicylic acid 
(PAS) and Promizole, has been used with varying degrees of success (1-8). More 
recently, isoniazid has been successfully employed in a small number of patients 
with tuberculous meningitis (9-14). 

Since there is a considerable variation in the percentages of patients in whom 
prolonged remission is reported following the use of chemotherapy, it is difficult 
to compare the results of any two therapeutic regimens when the patients have 
been treated in different clinics. Accordingly, the present writers are reporting 
the results seen in 87 patients treated on the same service, 61 with streptomycin 
and an antituberculous drug other than isoniazid, 13 with isoniazid alone, and 
13 with isoniazid plus streptomycin. 


METHOD 


The patients were treated on the wards of the Municipal Contagious Disease 
Hospital of Chicago. As this institution received a large proportion of the patients 
with acute meningitis from the city of Chicago and admitted virtually no tuber- 
culous patients except those with meningitis, most of these patients were ad- 
mitted with advanced and acute involvements of the nervous system. 

In almost all instances, treatment was started for tuberculous meningitis in 


a patient with a rapidly deteriorating condition who had a cerebrospinal fluid 
showing a low cell count, usually with a predominance of lymphocytes, a low 
dextrose, and a high protein concentration. For this reason each of the patients 
was started on treatment between the first and eighth days of hospitalization 
whether or not positive proof of the identity of the infection had been obtained. 
Nevertheless, in all of the patients reported in this paper except one, the diag- 
nosis was later proved to have been tuberculosis either by a positive culture or 


guinea pig inoculation or by post-mortem examination. The one exception was 
a patient in Group JV, as defined below, who has remained well for twenty-one 
months after streptomycin therapy was discontinued and in whom all clinical 
criteria pointed to a diagnosis of tuberculosis. Inclusion of this case is consistent 


' From the Department of Medicine, University of Illinois School of Medicine; and the 
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with our finding that the clinical diagnosis of tuberculosis was confirmed by 
post-mortem examination in all of the patients on whom this examination was 
made although cultures of cerebrospinal fluid and other fluids were negative in 
10 per cent of those patients during life. 


Drugs: The drugs and doses used were as follows: (1) Streptomycin sulfate or dihydro 
streptomycin sulfate was given intramuscularly, 25 mg. per kg. per day up to a maximum 
dose of 2 gm. per day, divided into three or four doses. In addition, streptomycin sulfate 
was given intrathecally in doses of 100 mg., except in infants under one year of age who 
received only 50 mg. per injection. (2) Para-aminosalicylic acid was given by mouth or in 
tubation in doses of 150 to 200 mg. per kg. for each twenty-four-hour period in divided doses, 
or the maximum tolerated dose if it was less than this. When the drug was given intra 
venously as a continuous 2 per cent infusion, the dose was 500 mg. per kg. for a twenty 
four-hour period, with a maximum dose of 40 gm. (3) The initial dose of Promizole was 
100 mg. per kg. for each twenty-four-hour period orally or by intubation. Subsequent doses 
were administered so as to maintain the blood Promizole concentration between 1 and 4 mg 
per 100 ml. (4) Isoniazid* was administered in doses of 5 mg. per kg. for each twenty-four 
hour period to the first 16 patients. In 6 of the last 10 patients, the dose was increased to 
8 mg. per kg. foreach twenty-four-hour period when the progress appeared to be poor. It 
was administered intramuscularly in most of the patients for at least one to three weeks 
and, thereafter, by mouth or stomach tube. Chemical assay of the concentration of isoniazid 
in the blood and cerebrospinal fluid was made by the method of Kelly and Poet (15). The 
studies confirmed free diffusion into the cerebrospinal fluid but otherwise were not used as 
a guide to therapy 

Regimens: The 61 patients treated during the first two years of these studies were divided 
into four treatment groups as follows: 
Group I. Four patients received streptomycin alone. Two of these received intra 
thecal therapy and 2 did not. Of those who received the intrathecal treatment, one 
received injections on alternate days. The second patient received daily injections 
for forty-five days and then on alternate days for another ninety days 


Group II. Nineteen patients received intramuscular streptomycin cr dihydro- 
streptomycin and oral Promizole. Ten of these received no intrathecal treatment, 
and 9 were given streptomycin intrathecally every second or third day 


Group IIT. Seventeen patients were given intramuscular streptomycin or dihydro 
streptomycin and oral Promizole. In each instance the patient received, in addition, 
daily intrathecal medication for forty-five days, followed by at least 45 more injec 
tions on alternate days, unless death interrupted treatment 


Group IV. Twenty-one patients were treated with streptomycin intramuscularly 
and intrathecally, as in Group III. In addition, all received PAS orally or intra 
venously and 10 also received Promizole 
It should be emphasized that the patients in these groups were not alternated but that 
many were treated concurrently in a random fashion 
In the past year since isoniazid first became available, the patients have been assigned 
alternately between two groups. The first, referred to as Group V in this report, received 
streptomycin intramuscularly and intrathecally and isoniazid intramuscularly or orally 
Patients in the other group (Group VI) were treated with isoniazid as the sole antimi- 
crobial agent 
Other measures used, besides symptomatic treatment, were the intrathecal instillation 
of tuberculin by the method of Smith and Vollum (6), or of streptokinase and strepto 


? The isoniazid used in this study was supplied as Rimifon by Hoffmann-LaRoche, Inc., 


Nutley, New Jersey 


194 SPIES, LEPPER, BLATT, AND DOWLING 


dornase, and surgical decompression. These were used on patients who developed evidence 
of a block to the circulation of cerebrospinal fluid. The patients so treated were distributed 
among all of the groups except Group J. It has been impossible to evaluate the worth of 
these procedures since their use was restricted to patients with poor prognoses 


In describing results in this paper, the term remission has been used to desig- 
nate survival for six months after the start of treatment, and prolonged remission 
for those patients who have been alive and essentially well six months after the 
therapy was discontinued. 


RESULTS 


Survival in all groups: As shown in table 1, 61 patients were treated before the 
introduction of isoniazid. Only one of the 4 patients in Group J survived six 
months. As this patient tolerated neither PAS nor Promizole, she had been 
treated with streptomycin alone, including daily intrathecal instillations for 
forty-five days followed by 45 injections on alternate days. In spite of the good 
initial response to treatment, this patient’s meningitis relapsed in the eighth 
month and she was treated with isoniazid in another institution. 

Among the 19 patients in Group IJ, only one survived for six months after 
the start of treatment; this patient is still alive and apparently well thirty- 


TABLE 1 
ConpiTI0n or Patients Arrer Receiving Dirrerent CHEMOTHERAPEUTIC REGIMENS 
ror Six Monts 


ALIVE SIX MONTHS AFTER 
START OF TREATMENT 


Number Per Cent 


Streptomycin I.M. and L.T 25.0 


D.1.T 


Streptomycin I.M 


Promizole p.o 


Streptomycin I.M. and D.1.T 


Promizole p.o 


Streptomycin I.M. and D.I.T 
PAS with or without p.o. ori.v 


Promizole 


intramuscularly 
= intrathecally every second or third day 
= intrathecally daily for at least 45 days 
= orally 
= intravenously 
* Patient’s meningitis relapsed in the eighth month 
t Two of these patients were in poor condition at the end of six months and subsequently 
died. One patient's meningitis relapsed 14 months after discontinuing therapy 
t One of these patients experienced a relapse 18 months after discontinuing therapy. 


= 
PATIENTS 
I 
il L.T 19 l 
17 5t 29.4 
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five months later. On the other hand, 5 of 17 of the patients in Group III were 
alive at six months, and 3 had prolonged remissions. Four of the 21 patients in 
Group IV had remissions lasting more than six months. Ten of the patients in 
Group IV received a continuous intravenous infusion of 2 per cent sodium 
PAS in doses up to 40 gm. a day in adults and 500 mg. per kg. per day in children. 
Only one of these patients has had a remission. One of the patients in Group III 
subsequently experienced a relapse fourteen months after the termination of 
streptomycin and PAS therapy, which he received for nine months. The meningitis 
of one of the patients in Group IV relapsed eighteen months after streptomycin 
and PAS therapy was stopped and five months after Promizole was discontinued. 
This patient had received streptomycin and PAS for eight months and Pro- 
mizole for twenty-one months. 

Intrathecal therapy: As shown in table 1 and summarized in table 2, the most 
important single factor in producing remissions in these patients was the use of 
daily intrathecal streptomycin treatment initially, followed by treatment at 
least every other day for 135 days or more from the onset of treatment. Analysis 
of age, sex, race, distribution, incidence of miliary disease, and degree of illness 
and disability revealed the patients to be equally distributed between the group 
which received daily intrathecal therapy and the group in which intermittent 
or no intrathecal medication was given. 

Since the best results prior to the introduction of isoniazid had been in the 
patients who received daily intrathecal and intramuscular streptomycin with 
oral or intravenous PAS and/or Promizole, all of the patients who received this 
type of treatment (Groups II] and IV) have been added together for comparison 
with the groups of patients who received isoniazid. 

As may be seen in table 3, the results with isoniazid alone (Group VI) were 
indistinguishable from those obtained with isoniazid plus intrathecal and intra- 
muscular streptomycin (Group V). In both groups, the results were superior to 
those obtained prior to the use of isoniazid. 

Isoniazid regimens compared with other therapies: If the results in the 26 patients 
who have been treated with isoniazid with or without streptomycin (Groups V 


TABLE 2 
Errect or Darty INTRATHECAL Strepromycin TREATMENT OF PATIENTS WITH 
TuBercuLous MENINGITIS 
ALIVE SIX MONTHS AFTER START OF 
NUMBER OF TREATMENT 
TYPE OF INTRATHECAL THERAPY PATIENTS 


Number Per Cent 


None 0 


0 
Every second or third day : l 7 
10* 25.6 


Daily for at least 45 days 


* Two patients were in poor condition at the end of six months and subsequently died 
Three patients experienced relapses, one each at 2, 14, and 18 months after therapy was 
discontinued. Five (12.9 per cent) were alive and apparently well from 8 to 25 months after 


cessation of therapy 
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TABLE 3 
tesutts or Treatment or Meninoitis Berore aNp AFTER 
THE INTRODUCTION oF IsONIAZID 


ALIVE SIX MONTHS AFTER 


NUMBER OF START OF TREATMENT 


PATIENTS 
Number Per Cent 
Ill and IV Streptomycin I.M. and D.LT. 38 9° 23.6 
Promizole p.o. 
and/or 
PAS p.o. or i.v. 


Isoniazid I.M. or p.o 
Streptomycin I.M. and D.I1.T. 


VI Isoniazid I.M. or p.o. 


* Two patients in poor condition at six months 
t One patient in poor condition at six months. 


and VJ) are compared with the results obtained in the groups with the lowest 
fatality rates before the advent of isoniazid (Groups III and IV), the 23.6 per 
cent remission rate of the former groups is significantly lower than the 53.8 per 
cent remission rate for the latter when tested by the chi-square method (chi- 


square = 4.0). 
Age and race distributions: In table 4, it is shown that the age and race dis- 


tributions of patients among Groups IJ] and 1V, Group V, and Group VI were 
approximately the same. Apparently the lower fatality rate achieved with the 
use of isoniazid was not attributable to any unusual distribution of patients. 
Moreover, it can be seen that isoniazid has not improved the prognosis in infants 
less than two years of age, but has been most effective in the two- to twenty-year 
age group (90 per cent remission rate) and moderately effective in the adult 
group, in which there was a 50 per cent remission rate. Isoniazid has been quite 
successful in the treatment of the nonwhite patients in contrast to rather poor 
results prior to the introduction of isoniazid. 

Factors related to severity of infection: Certain factors related to the severity 
of the disease are shown in table 5. The percentage of patients with miliary disease 
was slightly lower in the isoniazid groups than in the patients treated prior to 
the advent of isoniazid. The same was true of the percentage of patients who had 
a clear sensorium and only meningitic signs at the time treatment was started. 
Moreover, the results of isoniazid treatment of patients with miliary as well as 
meningeal tuberculosis were better than the results obtained with streptomycin. 

That approximately one-fourth of the patients in each of the treatment groups 
died in the first week of treatment is shown in table 6. In those patients who sur- 
vived the first week of therapy, the prognosis was much better in those treated 
with isoniazid. The efficacy of isoniazid is illustrated by the fact that, among the 
patients in Groups V and VI alive at the end of one week of treatment, only 3 
of 19 (15.6 per cent) died during the ensuing three weeks, whereas among the 
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TABLE 5 
ConpitTion or Patients wita Tuspercutous MenNINGITIs IN DIFFERENT 
Tuerarevutic Groups aT THe Start or TREATMENT 
PATIENTS WITH PATIENTS WITH CLEAR 


GENERALIZED SENSORIUM AND ONLY 
MILIARY DISEASE MENINGITIC SIGNS 


TOTAL IN 
GROUP 


Alive at Alive at Alive at 
6 Months 6 Months 6 Months 


Per Cent of 

Per Cent of 
Total 

Per Cent 


j 
| Number 


te 


IIland Streptomycir and D.L.T. 
Promizole 
and or 
PAS 
Isoniazid or p.o 100.0 
Streptomycir and D.I.T 


VI Isoniazid I.M. or p.o 13. 7753.8 5 38.4 3160.0 2 15 2 100.0 


* Two patients in poor condition at the end of six months 


t One patient in poor condition at the end of six months 


TABLE 6 
InteRVAL Between Start or Treatment Deatu Patients DyING FROM 
TuBercuLoUs MENINGITIS 


PATIENTS WHO DIED AT THE FOLLLOWING INTERVALS 


1 Week to to2 Z2to3 4to6 


1 Week 1 Month Months Months Months 


= 
< 
= 


TOTAL NUMBER OF 


Per Cent 
Number 


Ill and Streptomycin I.M. and D.LT 
IV Promizole p.o 
and/or 
PAS 


Isoniazid p.o. or I M 
Streptomycin I.M. and D.1.T 


VI Isoniazid p.o. or ILM 


patients in Groups ITI and IV, 14 of 28 (50 per cent) died during the correspond- 
ing period. 

Cerebrospinal fluid findings: Among the patients who experienced a remission, 
the temperature, the leukocyte count, and the glucose and protein content of 
the cerebrospinal fluid tended to reach normal limits in patients in Groups V 
and V/ more rapidly after the start of treatment than in patients in Groups ITT 


198 
pROUP DEUG Te 
if 
3 3 3 
Zi2i & Zz. 
a 4 pe ROUTE 
Z. ~ Z. ~ Z. = 
TPT 
13 4308 1 7.71 7.70 0 00.0 


OO! sod 


wurns 10d ¢ MO] 

oq 
Oat uv ping 


8B sed “Fur oF 
Al A[} Ula} 

SY oid pmy 


NINGITIS 


ME 


10 WH pizViuos] IA 
10 SVd [Ur OOT “Sur ge 
od Al A] }UGTSISUOD 98013 


~ 
~ 
= 
~~ 
= 


TUBE 


od 10 WHI pizeruos] IA 
I'd put wy puy 
10 ‘ord pur 
od Al A.001 


IN 


DRUGS 


saquinn 
jaquin 
19quIT' 


Jaquinn 
19g 


194g 


INIAG@ 4 


ANTIMICROBIAL 


OHA SLLIONING|Y SLNALLVG NI OL GSNOdSAY 40 ALIGIVY 
L 


aor 
Ze — — ole «a 
~ & -- | 
on — — o mlo enlo 
at = = on = 
R tele gle xe 
a= 
S —) = S S 
“¢ & R&A 
| | © — a on“ = 
= 
- 
pate 


200 SPIES, LEPPER, BLATT, AND DOWLING 


and JV. There was little difference between the patients who received isoniazid 
alone and those who received isoniazid plus streptomycin except that the protein 
content of the cerebrospinal fluid in the former group usually reached a normal 
level sooner. This may be an indication of irritation by the intrathecal medica- 
tion rather than a delayed response to therapy. 

Since the course of the pleocytosis has been stated to have prognostic sig- 
nificance in streptomycin-treated patients (9), the following observations have 
been made. Inasmuch as the cell count on successive days (even without treat- 
ment) is quite variable, a significant rise was considered to be present only when 
the count rose more than 50 cells per cu. mm. Ten patients in Groups IIT and 
IV showed such an increase, and 3 of them attained a satisfactory remission of 
their meningitis. On the other hand, 15 patients exhibited no such increase, and 
4 of these experienced remissions. Moreover, among the 7 patients with remis- 
sions in Group V, 4 showed no rise in the cerebrospinal fluid cell count; whereas 
among the 7 patients with a remission in Group VJ, 4 likewise showed no in- 
crease of cells in the fluid. 

Residual neurologic defects: Residual neurologic defects have been numerous. 
Among the 7 patients in Groups III and IV who attained satisfactory remissions, 
one was deaf, 2 had hemiplegia, and 2 had some leg weakness and pain over the 
distribution of the sciatic nerve. Among the 12 patients in Groups V and V/ 
who attained satisfactory remissions, 3 have partial cranial nerve palsies and one 
has weakness in one leg. 

Drug toxicity: In addition to the patient with deafness, who received dihydro- 


streptomycin, 6 patients who received streptomycin had mild to moderate dis- 
turbances of equilibrium. Two patients developed fever and rash related to PAS 
administration. Although most of the older patients who regained consciousness 
exhibited a mild euphoria during isoniazid administration, only one serious re- 
action occurred with this drug; this was a definite mania which required 
temporary interruption of treatment in the fifth month. The only reaction at- 
tributable to Promizole was rash accompanied by fever in one patient. 


DISCUSSION 


The prognosis in tuberculous meningitis is so intimately related to the age 
and general condition of the patients treated and the duration and severity of 
the illness at the time therapy is started that it is difficult to compare results 
obtained in one hospital with those observed in other hospitals. 

These and other less tangible factors are best controlled by observations in 
a single clinic where the management of the disease is the same except for the 
specific drug regimens used, as was the case with the patients in the present 
report. 

Although patients who received intrathecal streptomycin every day were not 
treated in strict alternation with those who received less intrathecal strepto- 
mycin or none at all by this route, the types of patients treated and the severity 
of the disease were comparable in the different groups. 

Accordingly, the superior results obtained in the patients who received strepto- 
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mycin intrathecally at daily intervals for at least forty-five days can be attributed 
to the more vigorous intrathecal therapy. As a matter of fact, until the introduc- 
tion of isoniazid, the intrathecal route of streptomycin administration was re- 
lated to a successful outcome much more closely than any other variable in 
treatment, such as the choice of the agent used as an adjuvant to streptomycin. 

The superior results obtained in the patients treated with isoniazid to those 
obtained previous to its introduction also appear to be due to the specific therapy 
employed even though the patients were not treated in alternation. The results 
are similar to those reported by Clark and his associates in a smalier number of 
patients (9). 

Since the results obtained with isoniazid alone up te the present time have 
been as good as those obtained with isoniazid plus intramuscular and intrathecal 
streptomycin, it is possible that streptomycin need not be given in addition. 
Before a definite conclusion can be reached, however, a larger number of patients 
must be followed for a longer period of time after the cessation of therapy. It 
is likely, however, that the penetration of isoniazid into the cerebrospinal fluid, 
reported by Elmendorf and co-workers (16) and confirmed in the present study, 
will obviate the necessity for intrathecal streptomycin therapy in the future. 
Whether intramuscular streptomycin should be used in addition to isoniazid will 
be determined by the frequency of relapses and, particularly, whether isoniazid- 
resistant tubercle bacilli are responsible for the relapses. 

Analysis of the individual factors of age, race, the presence of miliary disease, 
and the degree of nervous systerr involvement showed that there was no weight- 
ing in favor of the isoniazid-treated patients. The most disappointing results are 
still those obtained in patients with severe neurologic difficulty at the start of 
treatment, particularly in those less than two years of age. 


SUMMARY 


Sixty-one patients with tuberculous meningitis were treated before isoniazid 
was available, and among these only 10 survived for six or more months. All of 
the patients who experienced a remission of their meningitis received strepto- 
mycin, and all but one received para-aminosalicylic acid(PAS) and/or Promizole 
in addition. The choice of whether PAS, Promizole, or both were used in addi- 
tion to streptomycin had little effect on the outcome. However, daily intrathecal 
treatment with streptomycin for the first forty-five days did seem important. 
Among 38 patients who received streptomycin intramuscularly and by daily 
intrathecal instillations with PAS and/or Promizole in addition, 9 (26.3 per cent) 
survived six months or more. 

Thirteen patients with tuberculous meningitis were treated with isoniazid 
alone and 13 with isoniazid plus intramuscular and daily intrathecal instillations 
of streptomycin. Seven patients in each group lived for six months or more. 
These results are significantly better than those obtained when streptomycin was 
used without isoniazid. The results obtained with isoniazid were as good as those 
obtained in patients treated with isoniazid plus intramuscular streptomycin. 

Age, race, the presence of miliary disease, and degree of involvement of the 
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nervous system influence prognosis greatly. These factors were uniformly dis- 
tributed in the groups under discussion. Results of treatment with isoniazid 
were better than the results obtained with streptomycin in the absence of iso- 
niazid in all types of patients and regardless of the severity of the disease except 
in patients less than two years of age, in whom remissions were extremely rare. 

Clinical improvement was more rapid in patients who received isoniazid. 

Residual neurologic sequelae were less frequent in the isoniazid-treated 
patients. 

Toxic reactions to a drug were most frequent in patients who received strepto- 
mycin or dihydrostreptomycin and were infrequently observed as a result of 
treatment with para-aminosalicylic acid, Promizole, or isoniazid. 


SUMARIO 


Meningitis Tuberculosa. Tratamiento con Estreptomicina, Promizol y Acido 
Para-Aminosalictlico, Isoniacida y Estreptomicina e Isoniacida 


Sesenta y un enfermos con meningitis tuberculosa fueron tratados antes de contarse 
con la isoniacida y, de ellos, sélo 10 sobrevivieron seis meses o mds. Todos los que tuvieron 
remisiones recibieron estreptomicina y todos, menos uno, recibieron dcido para-amino- 
salicflico y/o Promizol ademds. El hecho de usarse PAS, Promizol o ambos, ademas de la 
estreptomicina, afecté poco el resultado. Sin embargo, pareciéd importante el tratamiento 
intratecal diario con estreptomicina durante los primeros cuarenta y cinco dias. De 38 
enfermos que recibieron estreptomicina intramuscularmente y en instilaciones intratecales 
diarias con PAS y/o Promizol ademés, 9 (26.3 por ciento) sobrevivieron seis meses o més 

A 13 enfermos de meningitis tuberculosa se les traté con isoniacida sola y a 13 con isonia- 
cida junto con estreptomicina intramuscularmente y en instilaciones intratecales diarias. 
Siete enfermos de cada grupo vivieron seis meses 0 mds. Esos resultados son decididamente 
mejores que los obtenidos cuando se usaba la estreptomicina sin isoniacida. Los resultados 
conseguidos con la isoniacida sola fueron tan buenos como los obtenidos en los enfermos 
tratados con isoniacida y ademds estreptomicina intramuscularmente. 

La edad, la raza, la presencia de granulia y la intensidad de la invasién del sistema 
nervioso afectan considerablemente el pronéstico. En los grupos aqui considerados, esos 
factores acusaron una distribucién uniforme. Los resultados del tratamiento con isoniacida 
fueron mejores que los obtenidos con estreptomicina sin isoniacida en los enfermos de todos 
géneros e independientemente de la gravedad de la dolencia, excepto en los menores de 
dos afios, en quienes las remisiones fueron sumamente raras. 

La mejoria clinica fué mds rApida en los enfermos que recibieron isoniacida 

Las secuelas neurolégicas residuales fueron menos frecuentes en los tratados con isonia- 
cida 

Las reacciones téxicas alcanzaron su mayor frecuencia en los enfermos que recibieron 
estreptomicina o dihidroestreptomicina, observAndose raramente a consecuencia del 
tratamiento con Acido para-aminosalicilico, Promizol o isoniacida. 


RESUME 


Méningite tuberculeuse. Traitement par la streptomycine, le Promizole et l’acide 
para-aminosalicylique, par l'isoniazide et la streptomycine, ou par l’isoniazide 


Soixante et un cas de méningite tuberculeuse ont été traités avant que l’on ne dispose 
de l’isoniazide et 10 de ces malades seulement ont survécu six mois et plus. Tous ceux des 
malades présentant une rémission ont regu de la streptomycine et tous, sauf un, ont recu 
en plus de l’acide para-aminosalicylique et du Promizole ou l’un d’eux. L’adjonction de 
PAS, de Promizole ou de |’un et l'autre de ces deux agents ne modifiait guére |’issue. D’autre 
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part, le traitement journalier par la streptomycine par voie sous-arachnoidienne pendant 
les quarante-cing premiers jours a paru important. Parmi les 38 patients qui ont été traités 
par la streptomycine intramusculaire associée A |’instillation sous-arachnoidienne quoti- 
dienne de PAS et de Promizole ou de |’un ou |’autre de ces agents, 9 d’entre eux (26,3%) 
survivaient six mois ou plus 

Treize malades affectés de méningite tuberculeuse ont été traités par l’isoniazide seule 
et 13 ont été traités par l’isoniazide avec adjonction quotidienne de streptomycine intra- 
musculaire et sous-arachnoidienne. Sept des malades de chaque groupe ont survécu pendant 
six mois ou plus. Ces résultats ont une valeur nettement supérieure A ceux qui ont été 
obtenus quand la streptomycine était administrée sans isoniazide. Les résultats obtenus 
avec l’isoniazide sont aussi bons que ceux obtenus chez’les malades recevant |’isoniazide 
plus la streptomycine intramusculaire 

L’Age, la race, la présence d’une miliaire et le degré de l’altération du systéme nerveux 
influencent profondément le pronostic. Ces divers facteurs étaient uniformément répartis 
dans les groupes étudiés 

Les résultats du traitement par l’isoniazide se sont montrés meilleurs que ceux obtenus 
avec la streptomycine sans adjonction d’isoniazide dans toutes les catégories de malades 
et quelle que soit la sévérité du cas, sauf chez les malades A4gés de moins de deux ans od 
les rémissions observées furent extrémement rares 


tL’amélioration clinique s’est manifestée plus rapidement chez les malades traités par 


l’isoniazide 

Les séquelles neurologiques étaient moins fréquentes dans le groupe traité par |’isoni 
azide 

Les réactions toxiques étaient plus fréquemment observées chez les malades qui rece- 
vaient la streptomycine ou la dihydrostreptomycine, elles étaient rarement constatées A 
la suite du traitement par |’acide para-aminosalicylique, le Promizole ou l’isoniazide 
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STUDIES ON NONSPECIFIC HYPERERGIC REACTIVITY 
AT THE SITE OF THE TUBERCULIN REACTION':? 
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INTRODUCTION 


The observation that apparently there is a parallel development of both specific 
and nonspecific hyperergy’ in tuberculous guinea pigs, as measured by the amount 
of an intravenous provoking agent required to elicit a lethal systemic reaction, 
suggests that these two types of changed reactivity are only different manifesta- 
tions of one and the same fundamental change (2). There are, however, devia- 
tions from this parallel. For example, the fully developed nonspecific hyperergy 
of tuberculous guinea pigs represents only an approximate eightfold increase in 
response to the provoking agent when compared with the susceptibility of non- 
tuberculous control pigs, whereas the systemic tuberculin sensitivity rises from 
nearly zero. Among others, Bordet, Shwartzman, Rich, and Packalén (1-5) have 
discussed whether the nonspecific hyperergic reactions might depend upon the 
mechanism of the Shwartzman phenomenon. To date, however, no conclusive 
evidence has been produced, due possibly, and in part, to the inability to estimate 
exactly the degree of hyperergic reactivity. Owing to difficulties in quantitative 
estimation, an evaluation of hyperergic reactivity by observing focal reactions 
develop at tuberculous sites after provocation (3, 4, 6-8) is likely to give no better 
results than by recording systemic reactions. On the other hand, post-provoca- 
tion hemorrhagic necrotic focal reactions which appear at the sites of tuberculin 
skin tests (5, 7, 9) seem to offer better opportunities for quantitative studies, 
It may be mentioned in this connection that a method for precise numerical 
estimation has been developed by Long and Miles (10) on the basis of their own 
and Wadley’s (11) discovery of the linear relationship between the log-dose of 
tuberculin and the lesion diameter of the Mantoux test. 

In producing the basic Shwartzman phenomenon, usual procedure involves 
two separate injections of the reactive agents, the intradermal local preparation 
and the intravenous provocation. Recently, however, Black-Schaffer and as 
sociates (12) demonstrated the production of a Shwartzman-like cutaneous re- 


action by means of a single intradermal injection. This result could be achieved 


‘From the Bacteriological Laboratory and the Department of Medical Tuberculosis, 
St. Géran’s Hospital, and the Central Municipal Bacteriological Laboratory, Stockholm, 
Sweden 

* The expenses of this study were defrayed by grants from the Swedish National Associ- 
ation Against Tuberculosis 

* When speaking of, or including in the discussion of specific hypersensitivity, nonspecific 
reactions of the types studied, the writers have preferred the use of “hyperergy”’ and 
‘“*hyperergic reactivity’”’ to ““‘hypersensitivity”’ as a wider and noncommital term, reserving 
the latter for the well-established types of specifically increased reactivity—the tuberculin, 
anaphylactic, pollen, Arthus types of hypersensitivity (1) 


205 


206 HOLZBERGER AND PACKALEN 


if an agent to which the experimental animal had been rendered hypersensitive 
was added to the preparatory inoculum of toxin. These investigators were not 
inclined to consider the resulting reaction as simply the summation of two in- 
jurious factors, but believed, instead, that in these circumstances the Shwartz- 
man reaction functions as an amplifier of the antigen-antibody tissue response. 

The present report is concerned with nonspecific hyperergic reactivity to in- 
travenous or local provocation of the tuberculin site throughout its various stages 
of development and with some of the divergencies between specific and non- 
specific hyperergy noted during the study. 


MATERIALS AND METHODS 


Male guinea pigs weighing between 250 and 350 gm. were infected in the thigh by a sub- 
cutaneous injection of 0.5 ml. of a 1:100 dilution of an eight-day Dubos (fluid medium) 
culture of the H37Rv strain of M. tuberculosis. Prior to the main experiments, five to seven 
weeks later, the guinea pigs were divided into groups comprising 4 to 11 animals, each of 
approximately the same average weight 

The tuberculin employed was Old Tuberculin (OT) supplied by the State Bacteriological 
Laboratory. The intradermal dosages were 1.0 and 0.1 mg. in a volume of 0.1 ml. of physio- 
logic saline solution injected into the shaved abdominal skin. 

Used as the nonspecific provoking agent was an £. coli filtrate (Seitz E.K.) prepared 
from six- to eight-day cultures in tryptic digest broth of Z. coli, strain No. 652, isolated 
from a case of cystitis. The intravenous provocation of the tuberculous guinea pigs was 
carried out approximately seven weeks after infection, the dosage being 0.25 ml. of a dilu- 
tion 1:20 or 1:40 of the coli filtrate, or 15 mg. of OT in volume of 0.25 ml. This corresponded 
approximately to one-half or one-quarter of the 50 per cent lethality end-point dose for 
these guinea pigs. The local provocation of the Mantoux sites was made by injecting into 
them 0.1 ml. of undiluted or diluted coli filtrate. As controls, tuberculin and coli filtrate 
were also introduced separately and at a distance 

The reactions at the tuberculin sites were recorded by mean lesion diameters of the 
erythematous swollen areas and hemorrhagic necrotic areas, respectively, twenty-four 
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hours after provocation or, in those cases provoked prior to Mantoux testing, twenty-four 
hours after the local tuberculin injection. 

Biopsy specimens of tuberculin sites, taken under ether anesthesia, were fixed in 10 per 
cent HgCle, and sections were stained routinely with hematoxylin and eosin or van 


Giesen stain. 


OBSERVATIONS 


Development of Nonspecific Hyperergic Reactivity in Skin Tuberculin Lesions 


In figure 1 are demonstrated the changes in the reactivity of tuberculin sites 
to nonspecific stimulation which occur as the specific inflammation proceeds. 


The ordinates represent the mean diameters of the skin lesions twenty-four hours 
after provocative intravenous injection (except of the first lesion, which was meas 
ured twenty-four hours after the tuberculin injection itself). The means refer to 
groups of 4 or § animals with two exceptions, as recorded in the figure. On the ab 
scissa are plotted the times elapsed between the skin tuberculin injection and the 
intravenous coli filtrate provocation. The time of reading is thus constant in regard 
to the hour of provoking dosage, but varies, relative to the hour of tuberculin in 
jection, as the interval between the two injections is extended. It should be noted, 
however, that with the dosages used the dimensions of the nonprovoked tuberculin 
lesions did not change appreciably between twenty-four and seventy-two hours 
after testing, as distinct from the intensity of the nonspecific reaction which varied 


greatly and decreased rapidly after the second day. 


From the figure it will be seen that the hyperergic reactivity of the Mantoux 
site to nonspecific stimulus appeared sometime between the fourth and eighth 
hours and reached its maximum within eight hours after the tuberculin injection. 
This reactivity remained close to its top level for approximately forty-eight 
hours and disappeared on the third day. In a preliminary series of experiments, 
a slight reactivity was left a short while longer. The extent of the nonspecific 
lesions varied directly with the dosage of tuberculin. 


Development of Nonspecific Hyperergic Reactivity and Infiltration of 
Polymorphonuclear Cells into Tuberculin Sites 


The possibility that a Shwartzman-like mechanism may explain the nonspecific 
hyperergic reactions observed in tuberculosis has been discussed by several 
writers (1-5). A recent quantitative study by Gell and Hinde (13) has shown 
that in the tuberculin lesion an increase in both relative and absolute numbers 
of polymorphonuclear leukocytes occurs between four and twenty-two hours 
after the skin injection. This is in keeping with Laporte’s (14) and Follis’s (15) 
earlier observations as well as Wesslén’s (16) more recent experience. 

In view of evidence which has been presented to show that polymorpho- 
nuclear leukocytes may play an essential role in the preparation of the skin for 
the Shwartzman phenomenon (17), an experiment was designed to investigate 
whether the changes in reactivity of the tuberculin site to nonspecific provoca- 
tion show any correlation to the infiltration by polymorphonuclear cells into 
the inflammatory area. 


HOLZBERGER AND PACKALEN 


Guinea pigs, in groups of 2 or 4, were infected as described above, and were in- 
jected intracutaneously with 0.1 mg. of tuberculin at two symmetrical sites of their 
shaved abdominal skin. After specified intervals, one of the resulting lesions was 
removed for histologic examination, and immediately thereafter coli filtrate of the 
same estimated potency as in the first experiment was injected intravenously. The 
animals were observed twenty-four hours later for hyperergic reactions at the un- 


disturbed tuberculin site 


A comparison of figure 2 with figure 1 reveals that the provocative effect of 
the coli filtrate in the dosage employed was somewhat weaker in this experiment 


than in the preceding one. 


AR 


ONUCL 


POL YMORPH 


& 
ly 
x 
2 


= 
S 
ly 
~ 
= 
5 
= 


i 4 4 i 
16 24 32 S6 64 72 
TIME IN HOURS 


Fie. 2. Polymorphonuclear infiltration and nonspecific hyperergic reactivity of 


tuberculin lesion to intravenous injection of coli filtrate at various time intervals after skin 
injection 
Hemorrhagic 
necrotic areas, Mean lesion diameters twenty-four hours after provocation with 
Erythematous| coli filtrate 
swollen areas 
predominant 
marked Relative proportion of infiltrating polymorphonuclear leuko- 
moderate cytes 
slight or none 
ach dot represents one animal 


208 
te 
tq . . 
> 
MM 
20 
A 
| ‘ 
‘ 
-~ 
i/ ‘ 
~ 
0 8 
o'r 


NONSPECIFIC HYPERERGIC REACTIVITY AT SITE OF TUBERCULIN REACTION 209 


The histologic sections of the biopsied tuberculin lesions were surveyed for the 
relative proportion of polymorphonuclear cells, and the degree of nonspecific 
reactivity of the tuberculin site was demonstrated‘. Six to seven hours after the 
tuberculin injection, when the first distinct increase in the proportion of poly- 
morphonuclear leukocytes was reached, the first hemorrhagic reactions were 
also observed. As the relative proportion of these cells again decreased, the non- 


specific reaction also diminished. 


Reactivity of Dermal Tuberculin Lesions to Specific Intravenous Provocation 

It is well known that tuberculin introduced into the circulation may cause a 
flare-up of a fading or already invisible local tuberculin reaction (18-20). It 
seemed of interest to study how a systemic injection of tuberculin would influence 
the developing local Mantoux reaction. 

Apart from the substitution of tuberculin for the coli filtrate, the experimental 
conditions here did not differ from those of the preceding trials. In both cases the 
intravenous dosage was just below the lethal level. Each of the six guinea pig groups 
consisted of 4 animals 

It may be seen in figure 3 that no significant amplification of the specific in- 
flammation resulted save a slight increment of a local reaction noted when the 
intravenous tuberculin provocation followed the Mantoux by eight hours. 


The Effect of Coli Filtrate Injected into the Tuberculin Site at Various Intervals 
After the Tuberculin Injection 


In figure 4 are shown the resulting inflammatory and hemorrhagic-necrotic reac- 
tions in tuberculin sites when undiluted coli filtrate was introduced locally (intra- 
dermally) into them at four-, eight-, sixteen-, or twenty-four-hour intervals after 
the tuberculin injection. The ordinates represent the mean diameters of the skin 
lesions twenty-four hours after the “provocative” injection of coli filtrate; the means 
refer to groups of 4 animals. The times elapsed between the intradermal! tuberculin 
and the coli filtrate injections are plotted on the abscissa. 


It will be seen that the filtrate modified the tuberculin inflammation markedly 
and, in the majority of animals, produced a more or less severe hemorrbagic- 
necrotic reaction. Maximum reactivity was noted in tuberculin sites eight and 
sixteen hours old. The same dosage of this coli filtrate, when injected into un- 
prepared skin sites, displayed only an insignificantly weak inflammatory reac- 
tion. Lacking subsequent provocation by coli filtrate, the dosages of Old Tu- 
berculin produced only typical erythematous indurations in which necrosis or 


hemorrhage was rare and minute. 


The Comparative Effects of Coli Filtrate and Sterile Broth Injected in Various 
Concentrations into Neighboring Tuberculin Sites 


Prompted by the observations of Freund and Hart (21) and Lichtenstein and 
Cilella (22), who found that tuberculous persons may give delayed skin reac- 
‘The writers wish to express their gratitude to Professor Nils Ringertz, M.D., who 


kindly performed these histologic examinations and whose estimates were made without 


prior knowledge of macroscopic appearance or expected result 
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tions to sterile broth, a study was made to determine the comparative extent to 
which the tuberculin reactions were aggravated by subsequent injection of coli 
filtrate and sterile broth, respectively. 


Thus, four groups of 4 guinea pigs apiece were prepared by symmetrical tuber- 
culin injections into the shaved abdominal skin, using the same dosages as before. 
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In this manner, each pig received four OT injections, two of 1.0 mg. and two of 0.1 
mg. in volumes of 0.1 ml. of sterile physiologic saline. After an interval of eight hours, 
0.1 ml. of sterile broth was injected into one pair of tuberculin sites and 0.1 ml. of 
coli filtrate into the pair opposite. Advancing through the groups, the dilutions were 
1:1, 1:4, 1:16, and 1:64, respectively. As controls, one group of pigs received an 
additional pair of tuberculin sites, into which was injected the same volume of sterile 
physiologic saline solution. 


From figure 5 it may be seen that both coli filtrate and sterile broth aggravated 
the ensuing tuberculin reactions, but not to the same degree. The coli filtrate 
was the more active provoking agent, although in the undiluted preparations the 
difference between results was quite small. 


COMMENT 
The reactive state of the tuberculin site to nonspecific stimuli is transitory and 
stays at a high level only between the eighth and thirty-sixth to forty-eighth 


hours after the tuberculin injection. The degree of this nonspecific reactivity 
varies with the stage and severity of the tuberculin inflammation. Freund (7) 
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Fia. 5. The effect upon the tuberculin lesion of coli filtrate and sterile broth, respec- 
tively, injected into the Mantoux site in various concentrations eight hours after the 
tuberculin injection. 
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saw a similar correlation between the severity of tuberculin reaction and the 
extent of hemorrhage, but only when he studied the effect of several dilutions of 
tuberculin in the same guinea pigs and not when comparing the reactions of 
different animals. 

Considering the essential role played by polymorphonuclear leukocytes in the 
preparation of the skin for the Shwartzman phenomenon (17), it is interesting to 
note that a similar relationship was demonstrated for the hyperergic reaction 
which occurs in a tuberculin site in response to nonspecific stimuli. This observa- 
tion adds weight to the supposition that the basic mechanisms of both phenomena 
are similar. 

It appears that intravenous tuberculin is a much less effective agent in pro- 
ducing local injury in the site of tuberculin inflammation than is nonspecific 
coli filtrate. In this connection, it may be interesting to recall that Old Tuberculin 
is equally poor an agent in eliciting the Shwartzman phenomenon (4). On the 
other hand, this observation contrasts directly with an earlier statement that 
in tuberculous guinea pigs the increase in systemic hyperergy is more pro- 
nounced to tuberculin than to nonspecific stimuli (2). The failure of provocative 
intravenous tuberculin injections to amplify the tuberculin inflammation is at 
variance with Freund’s work (7). A closer analysis of his protocols reveals, how- 
ever, that hemorrhagic reactions of the tuberculin test sites appeared only in 
those of his guinea pigs which had received a dosage of tuberculin large enough 
to produce a lethal tuberculin shock. Further information is required before a 
definite answer can be given to the question whether this dissimilar effect of 


specific and nonspecific provocations on the tuberculin lesions depends only 
upon quantitative factors or also upon more fundamental differences of under- 


lying mechanisms. 

The hemorrhagic-necrotic reaction which develops at the site of a moderately 
severe tuberculin reaction after a local injection of a filtrate of broth culture of 
E. coli seems to be more than a simple summation of the tuberculin inflammation 
plus the skin irritation produced by coli filtrate, as this latter effect by itself was 
insignificant. The mechanism by which the filtrate affected the tuberculin in- 
flammation might well be analogous to the Shwartzman-like phenomenon which 
Black-Schaffer and associates (12) produced in sensitized animals through a 
mixed single injection of homologous antigen and a Shwartzman-preparatory 
toxin. 

Under the same experimental conditions, however, sterile broth produced a 
similar, though somewhat weaker, reaction in the tuberculin site. It is true that 
broth does not ordinarily function as a Shwartzman-active agent (4), but this 
does not preclude the possibility that the special conditions of the present ex- 
periments may have released a Shwartzman-like mechanism ordinarily too inert 
to start under usual experimental circumstances. Alternately, it may also be 
considered possible that tuberculous animals can develop a nonspecific hy- 
perergic reactivity to the broth medium itself, much as Freund and Hart (21) 
and, more recently, Lichtenstein and Cilella (22) have observed in certain human 
tuberculin reactors. Such an interpretation seems rather unlikely, however, 
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when it is recalled that the tuberculous animals of the present study did not 
develop nonspecific reactions to broth except following its direct injection into 
the tuberculin-prepared skin site. 


SUMMARY 


The dermal tuberculin inflammation of tuberculous guinea pigs reacts hy- 
perergically to nonspecific stimuli. The degree of this reactivity varies with the 
stage of development and severity of the tuberculin reaction. 

A direct relationship exists between degree of reactivity and infiltration by 
polymorphonuclear cells into the inflammatory area. 

Specific intravenous provocation with tuberculin is less effective than non- 
specific coli filtrate provocation in producing “focal’’ injury in the sites of tuber- 


culin inflammation. 

By direct injection of filtrate of £. coli broth culture into the sites of moderate 
tuberculin reactions of tuberculous guinea pigs, these reactions have been trans- 
formed into hemorrhagic-necrotic lesions. The possible mechanism of this phe- 
nomenon is compared with that of the single injection Shwartzman-like phe- 
nomenon described by Black-Schaffer and associates. 

Sterile broth had an effect similar to coli filtrate, although in a lesser degree. 

The observations made are consistent with the idea of a basic similarity be- 
tween the underlying mechanisms of the nonspecific hyperergic reactions in 
tuberculosis and the Shwartzman phenomenon. 


SUMARIO 
Estudios de la Reactividad Hiperérgica Inespectfica en el Sitio de la Reaccién a la Tuberculina 


La inflamacién dérmica producida por la tuberculina en los cobayos tuberculosos re- 
acciona hiperérgicamente a esti{mulos inespecfficos. La intensidad de esa reactividad varia 
segin el periodo de desarrollo y la gravedad de la reaccién tuberculinica. 

Existe una relacién directa entre la intensidad de la reactividad y la infiltracién por 
giébulos polimorfonucleares en la zona de inflamacién. 

La provocacién intravenosa especifica con tuberculina es menos eficaz que la provovoca- 
en los sitios de 


cién inespecifica con filtrados colibacilares para producir lesiones ‘‘focales 
inflamacién tuberculfnica 

Mediante la inyeccién directa de filtrados de cultivos de Escherichia coli en caldo en los 
sitios de moderadas reacciones tuberculfnicas en los cobayos tuberculosos, esas reacciones 
han sido transformadas en lesiones hemorrdgico-necréticas. Compérase el posible mecanismo 
de ese fenédmeno al fenédmeno a la Shwartzman producido por una sola inyeccién que han 
descrito Black-Schaffer y colaboradores 

El caldo estéril ejercié un efecto semejante al del filtrado colibacilar, aunque menos 
intenso. 

Las observaciones realizadas son compatibles con la idea de una semejanza bdsica entre 
los mecanismos subyacentes de las reacciones hiperérgicas inespecificas en la tuberculosis 
y el fenédmeno de Shwartzman 


RESUME 
Etude sur la réactivité hyperergique non spécifique au niveau de la tuberculino-réaction 


Chez le cobaye, la lésion inflammatoire du derme due & la tuberculine est le sige d’une 
réaction hyperergique aux stimulus non spécifiques. Le degré de cette réactivité varie avec 
le stade du développement et de la sévérité de la tuberculino-réaction 
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Une relation directe existe entre le degré de la réactivité et l’infiltration de la z6ne in- 
flammatoire par les polymorphonucléaires. 

L’excitation spécifique par la tuberculine intraveineuse est moins efficace que |’excitation 
par filtrat de coli non spécifique pour produire la lésion “‘focale”’ au siége de la réaction in- 
flammatoire tuberculinique 

L’ injection directe de filtrat d’un bouillon de culture de Escherichia coli au niveau de 
tuberculino-réactions modérées chez le covbaye tuberculeux on a déterminé la transforma- 
tion de ces réactions en lésions hémorragiques nécrotiques. Le mécanisme possible de ce 
phénoméne est comparé A celui du phénoméne pseudo-Shwartzman de l’injection unique, 
qui a été décrit par Black-Schaffer et collaborateurs. 

Le bouillon stérile produisait une réaction semblable A celle du filtrat de coli, mais A un 
moindre degré 

Les observations faites sont en accord avec le concept d’une similarité basique entre les 
mécanismes fondamentaux des réactions hyperergiques en tuberculose et le phénoméne 
de Shwartzman 
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INTRODUCTION 


The leukocytic cycles in acute inflammation in experimental animals were 
described originally by Metchnikoff (1, 2, 3). The basic sequences consisted of an 
early migration of phagocytic granulocytes reinforcing available tissue macro- 
phages. These phagocytes were supplemented by migrating lymphocytes and 
blood mononuclears (monocytes) which hypertrophied to form additional macro- 
phages. Recently the present writers have reviewed the experimental work re- 
affirming these basic cellular concepts by advanced techniques (4, 5) and have 
confirmed this description of the acute inflammatory cycle in skin windows in 


man. 

The present communication is a preliminary report of a technique which will 
permit tissue examinations to be performed repeatedly in the same subject in 
different stages of the tuberculin reaction in the same lesion. Furthermore, sub- 
sequent lesions can be similarly studied in the same person. 


MATERIALS AND METHODS 


Physician volunteers with negative or positive cutaneous reactions to tuberculin were 
used in the preliminary investigations. The subjects who presented local hypersensitive 
reactions to tuberculin were free of clinical evidence of active tuberculosis 

Two lots of Koch’s Old Tuberculin (OT) were used. One lot was prepared by the Min 
nesota State Health Laboratories and the other by the Parke, Davis Laboratories. In 
addition, purified protein derivative (PPD)* in general use at The Henry Ford Hospital 
was utilized 

Experimental lesions were prepared by scraping the epithelium from a small area of the 
volar skin surface of the forearm. The tuberculin preparation to be studied was applied 
topically (0.05 cc.) to the denuded surface; the material was not injected. The lesion was 
covered with a sterile coverslip, overlaid with a square of sterile cardboard, and the entire 
area was in turn surmounted by surgical adhesive tape. Cells of the earliest exudative sample 
migrated to the undersurface of the coverslip within the first hour. The time of epidermal 
removal marked the time of beginning inflammation. When the first cellular migrations had 
been effected, the coverslip was removed, air-dried, and stained like a blood smear with 
May-Griinwald-Giemsa dyes. At the time the first coverslip was removed, another coverslip, 
held in readiness, was placed similarly over the same lesion and the process was repeated 
at timed intervals throughout the first, second, and occasionally the third day of the in- 


flammatory reaction 
Five lesions in subjects with negative cutaneous reactions were studied: one 


! From the Department of Laboratories and the Cardio-Respiratory Division, The Henry 
Ford Hospital, Detroit 2, Michigan; and the Department of Anatomy, the University of 
Minnesota, Minneapolis 14, Minnesota 

* Presented before the Medical Session, as part of the session on Research, at the annual 
meeting of the National Tuberculosis Association, Los Angeles, California, May 21, 1953. 


* From Parke, Davis Laboratories 
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scribed 5) for other nonpyogenic antigenic stimuli in control lesions (figures 
land 2 The 2-to8 hour re sponses were ¢ harac te rized by a pronounced migra 
tion of neutrophilic leukocytes with minor participation by the local tissue 
rophage 

Although minimal lymphocytic participation had been observed earlier, at 8 
to 12 hours the lymphocytes appeared in the lesions in increasing numbers 
figure 3 \t >to 14 hours the neutrophils shed the « ytoplasm pe ripheral to 


their mur ime pykKnoti and presented other cle yenerative changes 


In thi ime period, the ymphor vtes underwent moderate cytoplasmic hyper 


trophy gure 4 


Phagoevtie ability en expre ssed as proportional to an increasing cyto 
plasmic ma 9 Nuclear changes were shown by a breaking up ol the coarse 
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vy obscured in the blood, was occasionally accentuated (10). From 14 to 24 
hours (figure 5), the progressive changes in the hypertrophying lymphocytes 
eventuated in as umption of structural characteristics | both nucleus and cyto 

1 which rendered them tndistinguishabk by these techniques from the 

macrophages originally participating in the response 
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to topically applied tuberculin in experimental lesions in tuberculin-negative 
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tion of large numbers of neutrophils (figure 8). In the third lesion of this group 
the precocious lymphoc vtic infiltrate had already been replaced by a pyogent 
response at the 12-hour stage. When the first type ol altered response was fol 
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12 to 14 hours in controls (see figures 1, 4 
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peripheral blood. In a patient with a high peripheral monocytosis, whose leuko 
cytic inflammatory cycles will be the subject of a future communication, the 
monocytes migrated in large numbers in response to a nonpyogenic antigen, At 
12 hours of inflammation (figure 11), the numerous monocytes presented ac 
centuation of their horseshoe-shaped nuclear configuration and cytoplasmic 
hypertrophy in excess of their original large cytoplasmic mass in the blood 
stream. When the cells in figure 11 are contrasted with the other photomicro 
graphs of the leukocytic responses to tuberculin (see figures 3, 4, 5, 6, 7, 9, and 
10), it will be apparent that the lymphocytes, hypertrophied lymphocytes, and 
macrophages of the latter responses are structurally distinguishable from mono 
eytes and hypertrophied monocytes. That blood monocytes participate in local 
defensive processes in proportion to their numbers in the blood has been demon 
strated previously in experimental animals by several groups of investigators 
8, ll, 12, 

The large masses of closely packed macrophages which unprecedentedly com 
posed most of the exudative cells at 5.75 hours of inflammation in responses to 
either tuberculin or diphtheria toxoid in a patient suffering from Boeck’s sarcoid 
(6) (figure 12) should be compared with the similar but less striking precocious 


macrophage response depicted in figure 9 at 8 hours of inflammation 
DISCUSSION 


Neutrophil leukocytes were predominant in the early hours of the hyper 
sensitive reactions to tuberculin in the above-described experimental lesions in 
man. This finding is in general agreement with previously reported observations 
of Laporte (13) and Follis (14), but differs trom the earlier experience of Dienes 
and Mallory (15), who described mononuclear predominance at the site of the 
tuberculin reaction from the second hour on. Rich (16) has indicated the exag 
geration of the neutrophilic migrations present in the hypersensitive reaction 
far exceeding the neutrophilic response to comparable stimuli in the normal 
body. Preliminary investigations in the present study substantiate this concept 
In all three of the altered successions of leukocytic events, accentuation of the 
neutrophilic response played an important, although perhaps compensatory, 
role. In the first type, precocious lymphocytic predominance gave way to undue 
neutrophilic participation party ularly well marked at the 24-hour stage, a period 
ol ma rophage predon inance in control lesions. In the second and third types ol 
altered sequence, neutrophilic predominance throughout most of the first day 
appeared to be on the basis of lymphocytic deficit 

Che succeeding mononuclear responses have been complicated by the tendency 
to report such responses to the tubercle bacillus or its constitutents in normal 
and hypersensiti e tissues as if they were of common origin and structure 


Reference to figures 3, 4, 5, 9, 11, and 12 will indicate that mononuclear re 


sponses in acute inflammation in man may be composed ol lymphocytes, Mono 


cytes', hematogenous macrophages (the transformational products of lympho 
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cytes and monocytes), or tissue macrophages (histiocytes, clasmatocytes, or 
reticulum cells), or any mixture of these cell types. Almost all workers agree that 
monocytes can form macrophages (17). In his first work (1) on macrophage 
formation in mammals and later in his monograph (3), Metchnikoff stressed the 
importance of the lymphocyte as the hematogenous source of macrophages. It 
is pertinent that this first work (1) consisted of studies on the cellular responses 
to pulmonary tuberculosis in rabbits and marmots. Many careful workers at the 
time of Metchnikoff and even to this day have denied that macrophages can 
develop from lymphocytes. There has been continued confirmation of Metchnik- 
off’s demonstration of this lymphocytic function, however, up to the present 
decade by Maximow (18), Downey (19), Bloom (20), Taliaferro and Mulligan 
(21), Kolouch (22), and many others. During the past decade or so the concept 
that lymphocytes can develop into macrophages has been reaffirmed through 
utilization of modern technique in investigations of the central nervous system 
(23, 24, 25), in connective tissue spreads stained like bone marrows (26, 27), in 
motion pictures (28) and dry films (29) of tissue cultures, in continuous observa- 
tions of living lymphocytes (30), and in skin windows in man (4, 5, 6, 7). 

The present preliminary investigations of the cutaneous hypersensitive re- 
actions to tuberculin should be considered against the background of these basic 
cellular concepts. The results confirm the previously reported altered events of 
exaggerated polymorphonuclear leukocytic participation and late but accen- 
tuated mononuclear responses in their reaction. The results further suggest that 
interruption of lymphocytic cycles at the time of normal or even precocious 


lymphocytic performance leads to defective and ultimately retarded exudative 
responses to such stimuli. 

Monocyte participation did not approach in magnitude that found in lesions 
in controls which possessed high peripheral blood monocytoses, nor was the early 
macrophage excess of the sarcoid lesions as marked in the tuberculin-reactive 


preparations. 


SUMMARY 


A preliminary report of a technique which will permit repeated sampling at 
timed intervals of the exudative cells from a single lesion responding to tuberculin 
in man has been presented. Subsequent lesions can be similarly studied in the 
same person. The preparations can be stained as blood smears. The successions 
of leukocytic migrations and participation were studied in 5 lesions in tuberculin- 
negative and in 9 lesions in tuberculin-positive volunteers. 

The cellular responses in lesions in subjects with negative skin tests corre- 
sponded to similar responses tu other control, nonpyogenic antigens. The cellular 
exudate consisted of tissue macrophages and neutrophils for 8 hours, appearance 
of lymphocytes at 8 to 12 hours, followed at 12 to 14 hours by hypertrophying 
lymphocytes, and at 16 to 48 hours by the resultant macrophage cell mass. 

Marked alterations in the leukocytic sequences in the cutaneous hypersensitive 
reaction were observed in lesions in subjects with positive skin tests. These al- 
terations resulted in defective and retarded mononuclear responses which were 
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due to depression of lymphocytic participation at various stages in the inflam- 
matory responses. In two groups, outright lymphocytic deficit led to macrophage 
or neutrophilic accentuation for 24 hours, covering the period of normal lympho- 


cytic participation. In a third group, early lymphocytic migration was replaced 
by a second migration of neutrophils supplanting macrophage predominance at 
24 hours. 

The lieukocytic cycles established in both groups were compared with the 
bizarre cycles established in a patient with a high blood monocytosis and in 
patients with Boeck’s sarcoid. At no time did monocyte participation approach 
in magnitude that found in lesions in controls who possessed high, peripheral 
monocytoses; nor was the early macrophage response of the sarcoid lesions as 
marked in the cutaneous hypersensitive reactions to tuberculin. 


SUMARIO 
La Citologia de la Reaccién Tuberculinica en las Ventanillas Cutaneas en el Hombre 


Preséntanse aqui resefia preliminar de una técnica que permitir4 obtener muestras repe- 
tidas a plazos fijos de las células exudativas procedentes de una lesién aislada formada como 
reaccién a ia tuberculina en el hombre. Las lesiones subsiguientes pueden ser estudiadas en 
forma semejante en la misma persona. Las preparaciones pueden tefiirse lo mismo que frotes 
sanguineos. Las sucesiones de migraciones y participacién leucociticas fueron estudiadas 
en 5 lesiones en voluntarios tuberculino-negativos y en 9 en voluntarios tuberculino-posi 
tivos 

Las respuestas celulares en las lesiones de los sujetos con cutirreacciones negativas 
correspondieron a las respuestas similares a otros antigenos no piédgenos que sirvieron de 
testigos. El exudado celular comprendié macréfagos y neutréfilos histiénicos durante ocho 
horas, aparicién de linfocitos al cabo de ocho a doce a horas, seguida a las doce a catorce 
horas de linfocitos hipertrofiantes y a las dieciséis a cuarenta y ocho horas de la resultante 
masa macrofagocitica 

En las lesiones de los sujetos con cutirreacciones positivas, observ4ronse notables altera 
ciones en las series de fenédmenos leucociticos de la cutirreacc i6n hipersensible Dieron por 
resultado esas alteraciones respuestas mononucleares defectuosas y retardadas debidas a 
la depresién de la participacién linfocitica en varios perfodos de las respuestas inflamatorias 
En dos grupos, el neto déficit linfocitico condujo a acentuacién macrofdgica o neutréfila 
durante veinticuatro horas, abarcando esto el perfodo de participacién linfocitica normal 
En un tercer grupo, la migracién linfocitica temprana fué reemplazada por otra migracién 
de neutréfilos, que suplanté a las veinticuatro horas el predominio de macréfagos 

Los ciclos leucociticos establecidos en ambos grupos fueron comparados con los ciclos 
peculiares establecidos en un enfermo que tenia hipermonocitosis y en enfermos con el 
sarcoide de Boeck. En ninguna ocasién se aproximé en magnitud la participacién mono 
citica a a la observada en las lesiones del testigo que tenia hipermonocitosis; ni tampoco 
fué la temprana respuesta macrofdgica de las lesiones sarcoideas tan acentuada como en las 


cutirreacciones hipersensibles a la tuberculina 


RESUME 


La cytologie de la réaction 4 la tuberculine étudiée dans les ‘skin windows”’ (fenétres cutanées 


chez Uhomme 


Présentation d'un rapport préliminaire eur une technique qui permettra, chez l'homme, 
la répétition d’examens périodiques au niveau d’une seule lésion de réaction A la tuberculine 
Les altérations ultérieures peuvent étre observées de fagon semblable chez un méme sujet 
La coloration des préparation est faite comme celle des lames de sang. Les migrations succes 
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sives et la participation des leucocytes furent étudiées dans 5 lésions chez des volontaires 
ayant une réaction négative A la tuberculine et dans 9 lésions chez des volontaires ayant 
une réaction positive 

Les réactions cellulaires des lésions chez les sujets A réaction cutanée négative corres 
pondent a celles des lésions déterminées par des antigénes non pyogénes. L’exudat cellulaire 
consistait en macrophages et neutrophiles pendant une période de huit heures; les lympho 
cytes apparaissaient entre la huitiéme et la douziéme heure; ensuite, entre la douziéme et 
la quatorziéme heure survenait l’hypertrophie lymphocytaire et enfin, entre la seiziéme et 
la quarante-huitiéme heure, la masse, cellulaire des macrophages 

Chez les sujets A réaction cutanée positive l’ordre de succession leucocytaire était nette 
ment altéré dans les réactions d’hypersensibilité cutanée. L’altération se traduisait par 
un retard de la réponse mononucléaire par réduction de la participation lymphocytaire a 
divers stades de la réaction inflammatoire. Dans deux groupes, un véritable déficit lympho 


cytaire a conduit A l’accentuation d’une phase macrophage ou neutrophile durant vingt 
Dans un 


quatre heures, correspondant A la phase de participation leucocytaire normale 


troisiéme groupe, une migration leucocytaire précoce fut remplacée par une seconde migra 
tion de neutrophiles au lieu de la prédominance macrophage de la vingt-quatriéme heure 

Les cycles leucocytaires déterminés dans les deux groupes furent comparés chez un 
malade ayant une mononucléose élevée et chez des malades atteints de sarcoidose de Boeck 
A aucun moment la participation monocytaire n’a approché l’importance de celle des lésions 
chez les sujets témoins présentant une monocytose périphérique élevée; de méme, la ré 
action macrophage précoce des sarcoides n’était pas aussi marquée que celle des réactions 


cutanées allergiques 4 la tuberculine 
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TUBERCULIN-HISTOPLASMIN CONVERSION RATES IN KANSAS 
CITY AS AN INDICATION OF THE PREVALENCE OF 
INFECTION—PRELIMINARY REPORT':’ 


I. Tuberculin Studies 
LAWRENCE E. WOOD ann HERBERT L. MANTZ 
(Received for publication May 19, 1953) 


INTRODUCTION 


The increasing costs and diminishing returns of mass roentgenographic 
surveys make it necessary for tuberculosis associations, official health agencies, 
and others concerned with tuberculosis control to constantly re-evaluate their 
tools and determine the advantages and limitations of the various available 
methods. This is particularly important in the central United States, where the 
prevalence of histoplasmin sensitivity is so high. Since differential roentgeno- 
graphic diagnosis of tuberculosis and fungus infection of the lungs is so difficult, 
mass survey findings frequently lead to confusion among both patients and 
private physicians. 

The present paper reports the results of studies among schoolchildren in 
Kansas City, Missouri, employing as tools tuberculin and histoplasmin skin tests, 
roentgenograms, and family studies. 


MATERIAL AND METHODS 


Tuberculin and histoplasmin skin tests are performed annually in the public school 
kindergarten and first-grade children by the Kansas City Tuberculosis Society. Similar 
tests are performed in parochial schools by the City Health Department. Nonreactors 
in the kindergarten group are retested the following year. The total number of subjects 
tested at approximately yearly intervals ranges from 2,990 to 3,900 children. 

In addition to the above, a special study is being conducted in seven parochial schools. 
The purpose is to follow a fairly large group of skin-test-negative children by frequent re- 
testing with tuberculin and histoplasmin tow determine seasonal changes in infection rates, 
particularly to histoplasmin. This study was started in the 1949-1950 school year and has 
continued to the present. The initial group consisted of children in the kindergarten and 
the first three grades. The nonreactors of this group have been retested at intervals 
of six months for four years. Each year the incoming kindergarten class is added to the orig 
inal group so that the number of children included in this study has increased from 700 to 
1,200. 

All positive reactors to either antigen receive a 70 mm. or a 4- by 10-inch chest roent 
genogram and, if any abnormality is noted, a standard-sized roentgenogram is made. 

The families of all tuberculin-positive children and the ‘‘converters’’ to the tuberculin 
test are visited and urged to have miniature films. If the small film shows any abnormality, 
a standard-sized chest roentgenogram is obtained. If abnormal findings are noted on stand- 


1 From the Kansas City Tuberculosis Society and the Tuberculosis Division, Kansas 
City, Missouri, Health Department 

? Presented before the Medical Session, as part of the session on Nontuberculous Diseases 
of the Chest, at the annual meeting of the National Tuberculosis Association, Los Angeles, 
California, May 19, 1953. 
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ard-sized films, either child or adult, they are referred to their family physician or to the 
Health Department Tuberculosis Clinic for clinical evaluation. Based on this evaluation, 
the case of the person involved is classified as Active, Inactive, or Pending (if examination 
is incomplete). The active tuberculosis cases are further classified as New or Known, based 
on the Health Department Tuberculosis Register. 

The tuberculin employed on these surveys was commercial purified protein derivative 
(PPD). The dose was 0.0001 mg. All tests were intracutaneous and were read at forty-eight 
hours. A positive reaction was one in which the induration measured 5 mm. or more. 


For the purposes of the present report, the analysis has been limited to findings 
among kindergarten and first-grade children except for the results of the follow-up 
of histoplasmin “converters” in which 9 older children are included whose skin 
tests changed from negative to positive under observation. 


RESULTS 


In figure 1 are shown the tuberculin rates by different sections of the city 
among kindergarten children in Kansas City. It is obvious that certain school 
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Fie. 1. Tuberculin sensitivity among public school kindergarten children, 1947-1952, in 
Kansas City, Missouri 
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TUBERCULIN-HISTOPLASMIN CONVERSION RATES 


TABLE 1 
ComPARISON oF TuBERCULIN Sensitivity wita TuspercuLosis ANNUAL Deata Rate 
py Sections or Kansas City, Missouri 


SECTIONS OF THE CITY 


North North South South 


Northeast Central west east west 


Tuberculin sensitivity in kindergarten (public 1.3% % 3.1% | 1.2% 
schools), 1947-1952 


Tuberculosis annual death rate per 100,000, 13.5 
1949-1951 


districts have excessively high rates, this being particularly true in the northwest. 
Other areas appear to have low rates, especially in the southern part of the city, 
except for one district 

In table 1 are shown the comparisons of the rate of tuberculin sensitivity 


in kindergarten children with the tuberculosis death rate by sections of Kansas 
City. The parallel between the tuberculosis death rates and the tuberculin 


sensitivity rates is evident. Thus, the area in the northwest section of the city, 
which has the highest tuberculosis death rate (60.6 per 100,000), also has the 
highest prevalence of tuberculin sensitivity (3.1 per cent). The two areas with 
the lowest rates, the southeast and southwest sections, show the lowest rate to 
tuberculin sensitivity (1.2 per cent), which is approximately one-third of that 
shown in the northwest section. 

Previous data on tuberculin sensitivity collected in Kansas City during 1945 
1946 have been reported (1). The dots in figure 2 show the percentage of positive 
reactors for the various age groups. The line drawn on the figure represents a 
theoretical annual conversion rate calculated for this group by the Ross method 
2). The calculated rate of 0.58 per cent per year would account for the observed 
rate of tuberculin reactors among these children up to age 18. It is quite evident 
from viewing the figure that the theoretical annual conversion rate of approxi 
mately 0.6 per cent per year offers a reasonable explanation of what one might 
expect to occur in the Kansas City children with regard to tuberculosis infection. 

In table 2 is shown the annual conversion rate to tuberculin based on repeated 
tests. The results are shown by sections of the city. It is noted that in the year 
beginning September, 1950, 10 ‘‘converters”’ of 1,251 previously negative chil- 
dren were observed, a rate of 0.8 per cent. In the year beginning September, 
1951, 1,170 previously negative children were retested, 9 (0.8 per cent) of whom 
had converted to the tuberculin-positive state. It is of interest to point out 
that the rates were the same for the two years, indicating the veracity of the 
observed infection rate. This rate is somewhat higher than the theoretical rate 
of approximately 0.6 per cent per year as was shown in figure 2 

In table 3 are shown the results of the follow-up of the tuberculin-positive 
children and their contacts. The table is divided into two parts, the first being 
the follow-up of the contacts of 24 children who converted to the tuberculin 
test. These children were approximately six years of age. Of 57 adults in the 
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OBSERVED PERCENT POSITIVE 
(BASED ON 500-1300 PERSONS 
EXCEPT WHERE SPECIFIED) 


THEORETICAL CURVE BASED 
ON A CONVERSION RATE OF 
0. 56% PER YEAR, BEGINNING 
AT AGE 2.5 YEARS 
‘ROSS METHOD) 


PERCENT POSITIVE 


w Years 


Fic. 2. Observed and theoretical tuberculin sensitivity rates by age among Kansas City, 
Missouri, children (1945 survey) 


TABLE 2 
To THE TuBERCULIN Test 


‘CONVERTERS’ 
Number and Percentage of Children Whose Tuberculin Tests Were Negative in the 
Kindergarten and Positive in the First Grade One Year Later 
Two Years of Observation 


SECTIONS OF THE CITY 
SCHOOL YEAR 


N North North- South- South- 
Central west east west 


1949 Number of negatives re- 303 120 316 
tested 
Number of ‘‘converters”’ é 0 
Per cent 0.0 


1950 Number of negatives re 
tested 

Number of ‘“‘converters”’ 
Per cent 

Combined Number of negatives re 

years tested after one year 

Number of ‘‘converters”’ 

Per cent 


households of these tuberculin ‘‘converters,” 54 were followed and 3 new active 


cases (5.6 per cent) were found. In addition, one known case was found in a con- 
tact, making a total of more than7 per cent of cases of active tuberculosis among 


= 
284 1,251 
3 10 
0.8 
191 267 97 291 324 1,170 
5 2 l 0 
2.6 0.7 1.0 0.3 0.0 0.8 
419 570 217 607 608 2,421 
8 5 2 l 3 19 
1.9 0.9 0.9 0.2 0.5 0.8 
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TABLE 3 
Fo.ttow-up Srupies or 1,396 Contacts or 319 CHILDREN IN 
PusBiic Parocuiat (1948-1952) 1n Kansas Crry, Missouri 


CASES OF TUBERCULOSIS 


Active 
NUMBER AND DESCRIPTION Inactive Pending* Total 
OF CONTACTS New Known 


TUBERCULIN 
STATUS OF 
'NDEX CHILD 


Num- | Per Num-/| Per | Num-/| Per Num- Per | Num Per 
ber Cent| ber Cent! ber Cent, ber Cent) ber | Cent 


24 “Converters” Household 54 Adults 5.6 1.9 4 
31 Children 0 

Nonhouse 32 Adults 3. 4 

hold 11 Children 0 


295 Positive on Household 609 Adults 
first test 328 Children 
Nonhouse 273 Adults 
hold 58 Children 


* Suspicious of tuberculosis, but final status not determined 


No tuberculosis was 


the 54 adults who were contacts with the ‘converters.’ 
found among the 31 children who were household contacts with these ‘‘convert- 
ers.”” Two children were not followed. Among the 32 adult nonhousehold contacts, 
one known case of tuberculosis and 3 cases classified as still pending were found. 

In the second part of the table are shown the results of the follow-up of the 
contacts of 295 kindergarten and first-grade children who were tuberculin 
positive on the first test. A total of 609 adult household contacts were followed, 


of whom 9 (1.5 per cent) were found to be new active cases of tuberculosis. An 
additional 27 persons (4.4 per cent) were found to have known active tuber- 
culosis. Eleven cases were designated as pending, and 4 cases of inactive tuber- 
culosis were also found. Among these 609 adults, therefore, 51 (8.4 per cent) 
definite or suspected cases of tuberculosis were encountered. An additional 68 
adults could not be followed. 

Among the 328 children who were household contacts of these 295 tuberculin- 
positive children, 6 (1.8 per cent) new cases of active tuberculosis were found. 
Included with these 6 cases are 3 among the tuberculin-positive children them- 
selves who served as the index cases. These 3 children were diagnosed as having 
active tuberculosis, previously unknown. Two other children were found who 
represented known cases of tuberculosis. Five cases of inactive tuberculosis were 
found. Twenty-two children could not be followed. Among the nonhousehold 
contacts of these 295 children, there were 273 adults among whom one new active 
case of tuberculosis was found, 22 known active cases, 4 cases still pending, and 
2 inactive cases. A total of 29 (10.6 per cent) of these adults showed some evidence 
of tuberculosis. Among 58 nonhousehold contact children investigated, one 
known case of tuberculosis was found. 

It is of considerable interest to point out that, among a total of 1,022 adults 
and children who were household contacts of tuberculin-positive children in the 
kindergarten or first grade, approximately 1.8 per cent were found to represent 
previously unknown active cases of tuberculosis. In addition, 30 known cases of 
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tuberculosis were found to be contacts of these children, and 20 additional cases, 
either inactive or designated as pending, were found. It is evident that there is a 
relatively high yield of new tuberculosis cases found among both adults and 
children who were contacts of tuberculin-positive children in the kindergarten 
and first grade. It is especially worth while to do studies of the contacts of tuber- 
culin “converters” since among this group, although rather small, the yield was 
5.6 per cent new cases of active tuberculosis. 

To sum up, it appears that the tuberculin testing of young children in the 
kindergarten and first grade and subsequent follow-up studies of these children 
and their household contacts constitute a relatively good method for the un- 


covering of new cases of tuberculosis. 


DISCUSSION 


The data presented above offer interesting evidence on which to base programs 
for the finding of tuberculosis in the community. The method of skin testing 
of kindergarten and first-grade children, with follow-up of their contacts, yields 
a high percentage of new cases of active tuberculosis when compared with other 
methods. Although the yield is not so high as that found by follow-up of contacts 
of active cases of tuberculosis (3 to 6.6 per cent) (3, 4), it is more than ten times 
as high as the yield obtained by mass roentgenographic surveys (1.8 per cent 
compared with 0.1 per cent) (5). 

It is especially worthy of note that, among the adult contacts of tuberculin 
“converters,” more than 5 per cent of new cases of active tuberculosis were 
found. Although the number of persons in this group is small, it does appear 
that the findings deserve the attention of others who are concerned with the 
development of programs for the control of tuberculosis. The method is easy 
to use and could easily be incorporated in many currently operating programs. 


SUMMARY 


Analysis is presented of the results obtained by tuberculin skin testing among 
kindergarten and first-grade children, with roentgenographic and family follow- 
up studies. These analyses indicate that: 

The percentage of active new cases of tuberculosis discovered by follow-up of 
household contacts of tuberculin-positive children is quite high, approximately 


1.8 per cent 

Although the number of persons studied to date is small, the percentage yield 
of new cases of active tuberculosis (5.6 per cent) which results from the follow-up 
of household contacts of “converters’’ to the tuberculin skin tests appears to be 
higher than that obtained by any other method. 

The observed tuberculin conversion rate among 2,421 children was 0.8 per 
cent per year. The theoretical rate calculated for a previous cross-sectional 
study was 0.6 per cent per year 

The rate of reaction to tuberculin by sections of the city directly parallels the 


death rate for tuberculosis 


_ 


TUBERCULIN-HISTOPLASMIN CONVERSION RATES 


SUMARIO 


Los Coeficientes de Virajes de Reacciones a la Tuberculina-Histoplasmina en la ciudad de 
Kansas City como Indicacién de la Frecuencia de la Infeccién; Informe Preliminar: 
I. Estudios con la Tuberculina 


Analfzanse los resultados obtenidos con la cutirreaccién a la tuberculina entre los nifios 
de las escuelas de pdérvulos y de primer grado, junto con estudios radiogrdficos y familiares 
subsiguientes. Indican dichos andlisis que 

El porcentaje de nuevos casos activos de tuberculosis descubiertos por medio de la 
observacién de los contactos caseros de nifios tuberculinopositivos es bastante alto, 
aproximadamente de 1.8 por ciento. 

Aunque es pequefio el nimero de personas estudiado hasta la fecha, el porcentaje (5.6) 
de nuevos casos de tuberculosis activa descubiertos con el examen de los contactos 
caseros de los que acusan virajes de las cutirreacciones a la tuberculina parece ser 
mds alto que el obtenido con ningtin otro método. 

El coeficiente de viraje a la tuberculina observado entre 2,421 nifios fué de 0.8 por 
ciento al afio. El coeficiente teérico calculado para un estudio transversal anterior 
fué de 0.6 por ciento al afio. 

E] coeficiente de reaccién a la tuberculina en los distintos barrios de la ciudad paralela 
la mortalidad por tuberculosis en los mismos. 


RESUME 


Les taux de conversion tuberculine-histoplasmine 4 Kansas City comme indice de la 
prédominance de l’infection; Rapport préliminaire: I. Etudes sur la tuberculine 


Présentation des analyses de résultats obtenus chez les enfants des jardins d’enfants 


et des classes enfantines par les tests cutanés A la tuberculine combinés aux examens radiolo- 
giques et la surveillance du milieu familial. Ces analyses indiquent que 
Le pourcentage de nouveaux cas de tuberculose en activité, qui ont été découverts 


dans le milieu familial par la recherche des ‘‘contacts’’ des enfants ayant une réaction posi- 
tive A la tuberculine, est trés élevé, approximativement 1,8 pour 100 

En dépit du nombre réduit des sujets étudiée A ce jour, le pourcentage des nouveaux 
cas de tuberculose en activité (5,6 pour 100), qui a été obtenu A la suite de la recherche de 
“‘eontacts’’ dans le milieu familial des enfants présentant une conversion des tests cutanés, 
est plus élevé que celui fourni par toute autre méthode 

Le taux de conversion de la réaction & la tuberculine observé chez 2.421 enfants est de 
0,8 pour 100 par an. Le taux théorique calculé d’aprés une statistique antérieure pour l’en- 
semble des quartiers était de 0,6 pour 100 par an 

Le taux de réaction A la tuberculine par quartiers de la ville est paralléle au taux de 
mortalité par tuberculose 
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Il. Histoplasmin Studies 
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anp HERBERT L. MANTZ 


(Received for publication May 19, 1953) 


The annual conversion rate to histoplasmin among the general population 
has been reported upon only once (6). No follow-up observations on the ‘“‘con- 
verters”’ were included. The present studies were undertaken to determine the 
frequency of serologic and roentgenographic changes among children whose 
histoplasmin skin tests changed from negative to positive under observation. 


MATERIAL AND METHODS 


In addition to the routine follow-up as indicated for the positive tuberculin reactors, 
all children who converted from a negative to a positive histoplasmin skin test had serologic 
tests for histoplasmosis. These tests were done by Dr. Joseph Schubert of the Communicable 
Disease Center Serological Laboratory, Atlanta, Georgia, and Dr. Samuel Salvin of the 
Rocky Mountain Laboratory, Public Health Service, Hamilton, Montana. The histoplasmin 
was lot H-42, furnished by Dr. C. E. Palmer of the Public Health Service. It was employed 
in a dilution of 1:100 


RESULTS 


In figure 1 is shown the histoplasmin sensitivity among kindergarten children 
in the public schools, based on tests of approximately 13,000 children during 
the years 1947-1952. It is interesting to note that the rate of positive reaction 
by school district varies from less than 5 per cent to 24 per cent. This distribu- 
tion of histoplasmin sensitivity is quite marked by sections of the city. High 
rates are found predominantly in the north and especially in the northeast 
section. It is to be noted that a majority of the schools showing the highest 
rates are located along the course of the Blue River, which is indicated on the 
right side of the figure by the winding water course. 

In table 1 is shown the prevalence of histoplasmin reactors by sections of the 
city for different years. It is of considerable interest to note that the north 
sections are consistently higher than the south sections and that the southwest 
section is consistently the lowest. The consistency of the rates from year to 
year by section of the city is evident. 

' From the Communicable Disease Center, Public Health Service, U. 8. Department of 
Health, Education, and Welfare, Kansas City, Kansas, and Atlanta, Georgia; the Kansas 
City Tuberculosis Society, Kansas City, Missouri; and the Tuberculosis Division, Kansas 
City, Missouri, Health Department. 

* Presented before the Medical Session, as part of the session on Nontuberculous Diseases 
of the Chest, at the annual meeting of the National Tuberculosis Association, Los Angeles, 
California, May 19, 1953. 
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Fic. 1. Histoplasmin sensitivity among public school kindergarten children, 1947-1952. 


TABLE 1 
CoMPARISON oF PercenTAGe* or Positive HistopLasmin Sain Tests Amono 13,158 
KINDERGARTEN CHILDREN BY SEcTION oF THE CiTY AND YEAR OF TESTING, 
Kansas Crry, Missouri 


SECTION 
RATES FOR 


YEARS 
Northwest Southeast Southwest | 
entral 


Northeast 
1947-1948 20 .{ 13.6 5.3 9. | 12.9 
1948-1949 11 2. 2 “ 9. 11.4 
1949-1950 16.§ 4 
1950-1951 13 
1951-1952 13.4 


Section rates , 15.1 


* Each percentage shown is based on observation of 220 or more children. 
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“=~ THEORETICAL CURVE BASED ON A 
CONVERSION RATE OF 2.98% PER 
YEAR THROUGH AGE 5 AND A 
RATE OF 7.72% PER YEAR FOR 
AGES 6-19 


© 
AGE IN YEARS 


Pes COC ATL 1955 


Fig. 2. Observed and theoretical histoplasmin sensitivity rates by age among Kansas 


City, Missouri, children (1945 survey) 


In figure 2 are shown the results obtained from the large survey performed 
in 1945 on approximately 17,000 Kansas City schoolchildren, which has been 
reported previously (1). Histoplasmin sensitivity, as indicated by the dots on 
the figure, is quite prevalent. The lines on the figure represent the theoretical 
conversion rate (Ross method (2)), which explains the observed sensitivity rates. 

It was found that two rates were necessary to explain these observations. It 
is evident that a histoplasmin conversion rate of 2.98 per cent per year during 
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TABLE 2 
To Test 


‘CONVERTERS’ 
Number and Percentage of Children Whose Histoplasmin Tests Were Negative in 
Kindergarten and Positive in the First Grade One Year Later 
Two Years of Observation 


SECTIONS OF THE CITY 
SCHOOL YEAR 
GINN 
—— North | North- | South- | South 
Central west east west 


Number of negatives re 227 110 329 268 
tested 
Number of ‘‘converters’’ 10 


Per cent 


Number of negatives re 


tested 


Number of ‘‘converters’ 
Per cent 


Combined Number of negatives re 


years tested after one year 


Number of ‘‘converters’ 
Per cent q 2.; 3.0 


the first six years of life, followed by a rate of 7.72 per cent per year from ages 
six to nineteen, would serve to explain the observed figures. The theoretical 
conversion rate, therefore, is approximately 3 per cent per year during the first 
six years and 7.7 per cent thereafter. 

In table 2 are shown the results of retests of histoplasmin-negative children 
during two school years in Kansas City. As indicated, during the school years 
1949-1950 and 1950-1951, 1,130 children who previously were histoplasmin 
negative were retested. Of these, 45 (4.0 per cent) were found to be “converters”’ 
or new reactors. During the next school year 1,174 previously negative children 
were retested, of whom 19 (1.6 per cent) were found to be “converters.” For the 
two years, 64 of a total of 2,304 children (2.8 per cent) were histoplasmin “con 
verters.”’ This figure of 2.8 per cent is of considerable importance to note since 
the theoretical figure applying during this age-period of approximately five to 
six years was 2.98 per cent as shown in figure 2. Therefore, a combination of the 
observed rates for the two years fairly well approximates the theoretical histo 
plasmin conversion rate 

It should be emphasized that the rates for different years are quite different; 
that is, one year the rate is more than twice that observed in the following 
year. While this had been suspected for histoplasmosis, it was of interest that 
it could be shown by observation in children. In spite of the fact that rates are 
quite variable from year to year, the over-all rate is reasonably comparable to 
that which might have been expected. 

In table 3 are shown the results obtained by follow-up of the histoplasmin- 
positive children. As stated previously, no attempt was made to follow the adult 
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TABLE 3 
Srupies or Histor.asmin-Positive Cartpren 1n Kansas City, Missouri 
(1952-1953) 


ROENTGENOGRAM 


HISTOPLASMIN- POSITIVE CHILDREN 


Negative 


6 


Number 
Per cent y 2 | 6 25 


‘Converters’ 


Positive on first test Number 
(kindergarten and first Per cent 
grade) 


contacts of these children. The table is divided into two sections, the upper 
section showing the follow-up observations on 16 “converters” to the histo- 
plasmin skin test. Serologic tests for histoplasmosis were completed on 15 of 
these children. Four (27 per cent) showed a positive reaction. An additional 4 
showed a doubtful reaction, and 7 were negative on the serologic study. 

Roentgenographic examination of this group revealed lesions which were 
designated as active in 6 per cent, healing in 6 per cent, and calcified lesions or 
normal findings in 63 per cent. 

Among the 54 kindergarten and first-grade children whose first histoplasmin 
skin tests were positive, as shown in the lower part of table 3, 12 (24 per cent) 
showed positive complement fixation tests; an additional 18 (35 per cent) 
showed a doubtful reaction. Only 41 per cent showed a negative test. Ten (19 
per cent) of the group of children showed active lesions of histoplasmosis on 
roentgenographic examination; an additional 7 (13 per cent) showed healing 
lesions. Only 18 (33 per cent) of the group showed no abnormalities on roent- 
genographic examination. 

It is of interest to note that only half of the children who had a positive 
histoplasmin skin test showed some serologic evidence of infection. It is also 
interesting to note that more than one-fourth of the children showed evidence 
of unhealed lung lesions, and approximately one-quarter showed evidence of 
calcified lesions. This is a very high prevalence of both active lesions of histo- 
plasmosis and calcification in such a young age group. 


DISCUSSION 


In addition to the studies in tuberculosis reported in the first paper in this 
series, the present approach yields considerable dividends in terms of active 
lung lesions caused by Histoplasma capsulatum. Since the area where histoplasmo- 
sis is prevalent encompasses a sizable part of the country, the findings of the 
present survey would appear to have widespread application. 

The finding of a high percentage of positive histoplasmosis serologic tests 
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and of lung lesions in young children indicates the high prevalence of active 
disease. While the treatment of fungal infections admittedly is poor at the 
present time, there is every reason to anticipate that, with the rapid develop- 
ment of antimicrobials, new agents will be found which will be active against 
fungi. 

The differentiation of fungal diseases from tuberculosis is extremely important 
in view of the mental trauma inflicted upon patient and family by a diagnosis 
of tuberculosis. It is perhaps even more important that the patient not be in- 
capacitated and put at bed rest because of a false diagnosis of tuberculosis 
when a fungal infection, actually present, might be adequately followed and 
observed without limitation of activities. Since the finding of lung lesions in 
the area where histoplasmosis is prevalent is common among young children, 
it is especially important that the physicians in the area be educated to the 
differential diagnosis of these lesions. Tools are available in the skin tests for 
the easy differentiation of these two diseases; in addition, the serologic tests 
offer an easy way of determining the activity of the fungal infection. Follow-up 
by roentgenographic and serologic tests is quite simple and practicable and 
offers a ready prognostic and diagnostic aid. In the education of the physicians 
and the public to these diagnostic tools, the tuberculosis society can play a 
prominent part. 

SUMMARY 


Analysis is presented of results obtained by histoplasmin skin testing among 
kindergarten and first-grade children, with roentgenographic and serologic 
follow-up. These analyses indicate that: 

The rate of reaction to histoplasmin by sections of the city is different from 
that observed with tuberculin but, in general, is consistent during the five 
years of observation. 

The observed histoplasmin conversion rate among 2,304 children was 2.8 
per cent per year. The theoretical rate calculated from a previous cross-sec- 
tional study was 2.98 per cent per year for the first six years of life and 7.72 
per cent per year thereafter. 

Both lung lesions and positive serologic tests were observed frequently among 
the histoplasmin-positive children. 

These preliminary results indicate the usefulness of such a program in areas 
where both tuberculosis and histoplasmosis are prevalent. 


SUMARIO 


Los Coeficientes del Viraje de las Reacciones a la Tuberculina-Histoplasmina en Kansas 
City como Indicacién de la Frecuencia de la Infeccién; Comunicacién Preliminar 
Il. Estudios de la Histoplasmina 


Este andlisis comprende los resultados obtenidos con las cutirreacciones a la histo 
plasmina en nifios de las escuelas de pérvulos y de primer grado, mantenidos después en 
observacién roentgenogréfica y serolégica. Indican esos andlisis que 

El coeficiente de reacciones a la histoplasmina en los distintos barrios de la ciudad es 
distinto del observado con la tuberculina, pero, en general, es constante para los cinco 
afios de observacién. 


/ 
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E] coeficiente observado de viraje de la reaccién a la histoplasmina fué de 2.8 por ciento 
al afio. El coeficiente teérico caleulado a base de un estudio de un grupo transversal de 
poblacién fué de 2.98 por ciento para los primeros seis afios de vida y de 7.72 por ciento 
al afio después 

Entre los nifios histoplasmino-positivos, observ4ronse frecuentemente tanto lesiones 
pulmonares como serologia positiva 

Esos resultados preliminares indican la utilidad de obras de esa naturaleza en zonas en 
las que abunda tanto la tuberculosis como la histoplasmosis. 


RESUME 


Les taux de conversion tuberculine-histoplasmine de Kansas City comme indice de la fréquence 
de l'infection; Rapport préliminaire: II. Etudes de Uhistoplasmine 


Présentation d’une analyse des résultats obtenus par des tests cutanés pratiqués chez 
des éléves des jardins d’enfants et de la classe suivante avec examens radiologiques et 
sérologiques périodiques ultérieurs. Cette analyse indique que 

Le taux de réaction A la l’histoplasmine déterminé par quartiers de la ville est différent 
de celui enregistré pour la tuberculine, mais, en général, il est constant durant les cing 


années d’observation 
Le taux de conversion de l’histoplasmine enregistré chez 2.304 enfants était 2,8 pour 


100 par an. Le taux théorique, calculé d’aprés une enquéte antérieure couvrant |’ensemble 


des quartiers, atteignait 2,98 pour 100 pendant les premiéres six années de la vie, et 7,72 


pour 100 ensuite 

Les lésions du poumons et la sérologie positive étaient toutes deux fréquemment ob- 
servées chez les enfants ayant une réaction positive a l’histoplasmine. 

Ces résultats préliminaires indiquent |’utilité d’un tel programme dans les régions od 
la tuberculose et l’histoplasmose sont toutes deux trés répandues 
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THE SENSITIZATION OF GUINEA PIGS TO MICROCOCCUS 
PYOGENES VAR. AUREUS IN THE PRESENCE OF THE 
“WAX” OF ACID-FAST BACILLI?" 
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INTRODUCTION 


The establishment of delayed hypersensitivity to tuberculin by means other 
than infection was reported by Raffel (1, 2). This was accomplished by injecting 
guinea pigs with two isolated fractions of the tubercle bacillus, protein and the 
chloroform-extractable lipid or “wax.” Administration of the protein alone re- 
sulted in the establishment of immediate hypersensitivity as evidenced by the 
anaphylactic state, but without the development of a typical tuberculin hyper- 
sensitivity. The animals which received both the lipid and protein responded to 
the intracutaneous injection of tuberculin by giving a typical delayed skin reac- 
tion. Myrvik and Weiser (3) have reported similar results in that guinea pigs 
given the crude “‘wax’’ which contained residual tuberculoprotein developed 
tuberculin sensitivity. 

That this is not a phenomenon confined solely to the homologous system was 
demonstrated by Raffel and associates (4), who were able to show that the re- 
sponse in guinea pigs to the injection of egg albumin was altered when the “‘wax”’ 
of the tubercle bacillus was simultaneously injected. Animals which received 
the “‘wax”’ and egg albumin developed a delayed hypersensitivity to egg albumin 
as measured by several criteria. Raffel and Forney (5), using a similar procedure, 


injected guinea pigs intraperitoneally with picryl chloride alone and picry! chlo- 


ride with “wax.” The animals which received only the picryl chloride developed 
an anaphylactic state, whereas the animals which also received the “wax’’ of the 
tubercle bacillus gave a strong skin reaction to contact with the picry! chloride. 


‘ 


On the basis of this evidence, it appears that the “wax” of the tubercle bacillus 
possesses a biologic property of altering the response of an animal to injected 
material. To broaden the evidence still further, the present study was undertaken 
to study the effect of the “wax” on the injection of whole bacillary cells into 


guinea pigs. For this purpose, Micrococcus pyogenes var. aureus was selected. This 


organism is of low virulence for guinea pigs so that intercurrent natural infections 
would not be expected to interfere with the several experiments. In al! previous 
studies the ‘“‘wax”’ from human tubercle bacilli was used. In the present study the 


‘From the Department of Medical Microbiology, School of Medicine, University of 
Southern California, and Barlow Sanatorium, Los Angeles, California 

? Presented before the Medical Session, as part of the session on Bacteriologic Research, 
at the annual meeting of the National Tuberculosis Association, Los Angeles, California, 
on May 19, 1953. 
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TABLE 1 
Mernop or SENSITIZATION 


SUBSTANCES INJECTED INTO GUINEA PIGS OF 


EACH GROUP 
NUMBER OF NUMBER OF 


ANIMALS INJECTIONS 
i Micrococcus 
Was pyogenes 


I None Yes 
II 13 M. tuberculosis No 


Ii! M. tuberculosis Yes 
IV M. smegmatis Yes 


‘“‘wax”’ from Mycobacterium smegmatis was used as well as “‘wax”’ from M ycobac- 
terium tuberculosis var. hominis to determine whether or not the biologic activity 
of the “‘wax”’ fraction was a property of only a virulent acid-fast bacterium. 


MATERIALS AND METHODS 


The ‘‘wax”’ fractions used in this study were from two sources: Mycobacterium tubercu- 
losis var. hominis, strain H37Rv‘; and Mycobacterium smegmatis. 

The organisms were grown on Youmans’ modification of the Proskauer and Beck medium 
(6). The bacteria were killed by placing the flasks in the Arnold sterilizer for one hour. The 
bacillary mass was collected on coarse filter paper and let drain of excess moisture after 
washing with saline. The organisms were extracted in the Soxhlet apparatus for eight hours, 
using ethyl alcohol and ether, 1:1. The bacillary residue was then exhaustively extracted 
with chloroform. The chloroform extract was filtered through a Selas 03 filter to remove 
the bacillary sediment and finally evaporated in a stream of carbon dioxide. This product is 
usually termed ‘“‘crude wax’”’ (2, 3) 

The strain of Micrococcus pyogenes var. aureus used was a coagulase-positive organism 
which had been carried as a stock culture in this laboratory and designated American Type 
Collection No. 152. It was cultured in tryptose phosphate broth for twenty-four hours. The 
bacillary mass was collected by centrifugation, killed by exposure to 1.0 per cent formalde 
hyde for forty-eight hours at 37°C., washed with saline, and lyophilized. 

The guinea pigs were of both sexes from the colony of the Barlow Sanatorium. They were 
distributed so that maies and females were used in each experimental group. 

The materials for injection were prepared in a water-in-oil emulsion according to the 
method of Freund (7). The ‘“‘wax’’ was dissolved in the paraffin oil, and the staphylococcal 
cells were made up in the aqueous phase. The animals which received the lipid were given 
5 mg. each per injection. A dose of the staphylococcal cells was 1 mg. per animal. Each 
animal received three injections of the appropriate material at weekly intervals, subcutane- 
ously in the groin 

The animals were then skin-tested eighteen days following the last injection. The skin 
tests were done intracutaneously on the flank, a skin-test dose consisting of 0.1 mg. of the 
staphylococcal cells in 0.1 ml. of saline. The animals were divided into four groups, as shown 
in table 1. In this way the results were controlled for possible sensitization by the “‘wax’”’ 
alone or by the cells of the staphylococci alone 

It has been shown by several investigators (3, 4) that the corneal test may be used as a 
criterion for the delayed hypersensitivity state. Hence, this test was also employed in this 
investigation. The method used was that described by Raffel and associates (4) 

Finally, each surviving animal was infected intracardially with 0.1 ml. of a suspension of 
M. pyogenes made up to match tube No. 3 of a nephelometer. 


* A sample of the purified ‘“‘wax’’ was kindly supplied by Dr. R. J. Anderson 
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TABLE 2 
ALLERGIC Response 1n TreatTep GuINgEA Pics 
Results of Skin Tests on Guinea Pigs Receiving Injections of Various 
Substances 


RESULTS OF SKIN TESTS 
STANDARD 


DEVIATION 
Average OF DIAMETER 
increase in OF LESION 
thickness 


NUMBER 

GROUP SENSITIZING TREATMENT or 
ANIMALS Average 
diameter 


mm. 

Staphylococcal cells 3. 0.31 
Tubercle bacilli ‘‘wax’’ K 0.096 
Tubercle bacilli ‘‘wax’’ 1.8 

staphylococcal cells 
M. smegmatis ‘“‘wax”’ 

staphylococcal cells 
Normal controls 2.14 


The animals were sacrificed six days later, and each animal was autopsied. The visceral 
organs were examined grossly, and cultures on blood agar were made of the lungs, liver, 
spleen, and kidneys. All organisms which grew were checked by the gram stain. In addition, 
samples of each of the above organs were fixed in formalin, sectioned, and stained. The 


stains employed were hematoxylin and eosin and MacCallum and Goodpasture’s stain for 
bacteria in tissue. 
RESULTS 

The results of the skin tests are shown in table 2. The animals which received 
only the staphylococcal cells gave no skin reaction of any significance, being 
similar in this respect to the animals which received only the ‘‘wax’’ of the human 
tubercle bacillus. These results were in marked contrast to those in the animals 
which received the “wax” along with the staphylococcal cells. 

The source of the ‘‘wax’’ was immaterial in that the “‘wax’ 
was equally efficacious in establishing a delayed hypersensitivity as was the 
“wax” derived from M. tuberculosis. The standard deviation of the diameter of 
the skin-test lesions was calculated and indicates a significant difference in the 
reaction of the animals which received both the ‘“‘wax’’ and antigen. 

Corneal tests were done only on selected animals since most of the animals 
were to be used for other studies. The results of the corneal tests are presented in 
table 3. The results of the corneal tests correlate very closely with the skin tests. 
In a normal animal or an animal which did not receive a combination of ‘“‘wax”’ 
and antigen, the only response seen in the corneal test was a pinpoint clouding as 
a result of trauma in performing the test. In contrast, the animals which exhibited 
skin sensitivity gave a definite reaction in the cornea when tested with the spe- 
cific antigen, in this case whole staphylococcal cells. 

The diagrammatic representation of the corneal reaction in table 3 approxi- 
mates very closely the gross appearance of the cornea in each tested animal. 
Forty-eight hours after the test the animals were sacrificed and the eyes were 
removed and placed in Perenyi’s fixative. Sections were made and stained with 


of M. smegmatis 
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TABLE 3 
Reseonse In TREATED GuINEA 
Correlation of Skin Tests and Corneal Tests 
SKIN TEST CORNEAL 


GUINEA PIG ENSITIZING TREATMENT 
NUMBER REACTION® REACTIONT 


111 Staphylococcal cells 
112 Staphylococcal cells 
113 Staphylococcal cells 
114 Staphylococcal cells 
128 Tubercle bacilli ‘‘wax’ 
129 Tubercle bacilli “‘wax’’ 


130 Tubercle bacilli ‘‘wax’’ 
136 Tubercle bacilli ‘‘wax’’ plus staphylococcal 
cells 
140 Tubercle bacilli ‘‘wax’’ plus staphylococcal 
cells 
M. smegmatis ‘“‘wax’’ plus staphylococcal 
cells 
VW. smegmatis ‘“‘wax"’ plus staphylococcal 
cells 
VM. smegmatis ‘“‘wax’’ plus staphylococcal 
cells 
Negative 
Negative 


Normal control 


© @ © @ 


Normal control 


* The first number indicates the diameter of the lesion in millimeters. The second num- 
ber is the estimated increase in thickness of the skin expressed in millimeters. 
t A diagrammatic representation of the relative size of the gross lesion of the cornea 


forty-eight hours after injection of staphylococcal cells. 


hematoxylin and eosin. Examination of the sections revealed changes similar to 
those reported by Raffel and associates (4). 

The results of the infections with living organisms were inconclusive. Gram- 
positive cocci were cultured more frequently from animals which exhibited a skin 
sensitivity. Grossly, these animals appeared to have more disease manifested by 
small suppurative foci on many of the visceral organs. Histologic examination 
exhibited no striking difference among the several groups. 

DISCUSSION 

The development of a delayed hypersensitivity to the injection of whole cells 

of Micrococcus pyogenes var. aureus in the presence of the “‘wax’’ extracted from 


acid-fast bacilli fits into the pattern set in previous reports (1-5). Weissfeiler (8) 
and Higginbotham (9) found that tuberculous animals which were skin-tested 


with Staphylococcus aureus gave an exaggerated inflammatory reaction. These 
were animals which had had no previous sensitization with the homologous anti- 
gen. In the present experiments, previous treatment with the “wax” of the tubercle 
bacillus did not result in any increased skin sensitivity of the animals to staphy- 


lococcal cells. 
The concentration of “wax” in the animals probably exceeds that which would 
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be expected as a result of natural infection with the tubercle bacillus. Be that as 
it may, the fact remains that the response of guinea pigs to several types of anti- 
gen has been shown to be altered in the presence of the “wax’’ so that the ‘“‘wax’”’ 
would appear to possess some definite biologic activity. The specific component 
involved has not been clearly established although a mycolic acid-polysaccharide 
complex has been suggested as the active component (10). 

The sensitizing ability of the “‘wax’’ of M. smegmatis suggests that the biologic 
activity may be present in all acid-fast organisms. The presence of this activity 
in the extract of a saprophytic organism indicates that it is in no way associated 
with virulence. 

The role of the hypersensitivity of M. pyogenes herein demonstrated in subse- 
quent infection with the homologous organism is one of interest. The degree of 
infection in animals previously sensitized to staphylococcal cells appears to be 
greater than in animals exhibiting little or no sensitivity. However, due to the 
native resistance of guinea pigs to infection with this organism, the results were 
inconclusive and will require further study. The failure of clinicians to observe in 
tuberculous patients any increased susceptibility to infection with nonacid-fast 
bacteria indicates that such a decrease in resistance in the face of a hypersensi- 
tivity does not exist in the natural state in man. 


SUMMARY 


From the present experiments it may be concluded that guinea pigs can be 
rendered hypersensitive to whole cells of Micrococcus pyogenes var. aureus when 


the ‘‘wax” of Mycobacterium tuberculosis var. hominis or Mycobacterium smeg- 
matis is administered simultaneously. This hypersensitivity can be demonstrated 
by an increased skin reactivity to injection with staphylococcal cells and by a 
reaction in the cornea following injection directly into that tissue. 


SUMARIO 


La Sensibilizacién de los Cobayos al Micrococcus Pyogenes var. Aureus en Presencia de la 


““Cera”’ de Bacilos Acidorresistentes 


A juzgar por los experimentos descritos, cabe deducir que puede hipersensibilizarse a 
los cobayos a células {ntegras del Micrococcus pyogenes var. aureus cuando se les administra 
simult4neamente la cera del Mycobacterium tuberculosis var. hominis y del Mycobacterium 
smegmatis. Puede descubrirse esa hipersensibilidad por medio de la hiperreactividad cuté 
nea a la inyeccién de células estafilocécicas y de la reaccién observada en la cérnea consecu 


tivamente a la inyeccién directa en dicho tejido 


RESUME 


La sensibilisation du cobaye au Micrococcus pyogenes var. aureus en présence de ‘‘cire’’ de 
bacilles acido-résistants 

A la suite de cette expérimentation on peut conclure & la possibilité de sensibiliser le 

cobaye aux cellules entiéres du Micrococcus pyogenes var. aureus quand la cire du M. tuber 

culosis var. hominis et du M. smegmatis est administrée simultanément. Cette hypersen 

sibilité peut étre démontrée par |’accroissement de la réactivité cutanée A l’injection de 

cellules staphylococciques et par une réaction cornéenne & la suite de l’injection directe 


dans ce tissu 


| 
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INTRODUCTION 


Serial biopsies of tuberculous lesions in the human patient provide valuable 
material for study of the effectiveness of various types ol therapy Although the 
lung is not readily studied by this means, mucous membrane lesions (mouth, 
pharynx, and larynx) are readily accessible for such observations. In a previous 
study (1) of this type, the writers have demonstrated that treatment of mucous 
membrane lesions with cortisone o1 corticotropin Was followed by worsening of 
the lesion and increase in the number of tubercle bacilli. In the present study, 
a comparison was made of the effects of the various antimicrobial drugs now used 
in the treatment of tuberculosis. It was believed that the information obtained 
would be helpful in the understanding of tuberculous disease in pulmonary or 


other tissues 


METHOD 


Twenty-four patients with pulmonary tuberculosis (almost all far advanced 


and cavitary) were studied. All presented tuberculous lesions of the hard palate, 
pharynx, or larynx. The patients were maintained on the usual Sanitarium 
regimen. Six of the patients reported are those who previously received corti 


sone or corth otropi 


(olor photog! iphs of e mucous membrane lesions were obtained at the beginning of 
treatment in each case nd at various intervals thereafter Biopsies | to 4 pieces of tissue 
each) of the lesions wer » obtained at the beginning of treatment and at intervals during 

iter therap Othe studies performed included erythrocyte sedimentation rates 
froentgenograms the t, sputum examinations ind studies of the drug resistance 
strains of MW. tube vhich were isolated 
eight biopsy specimens were studied | means of numerous 
hematoxvlin and eosin stain. Masson trichrome stain for fibrous tissue 
stain for acid-fast bac 
The 6 patients previous reported received dih drostreptom cin 


reatment patient 


sali ic acid (PAS) following their cortisone or corticotropin 


treated as tollows 


Dih drostreptom cin ane 4 14 patients 
Streptomycin and P patients 
Dih drostreptomycit ] patient 


PAS 1 patient 


From the Municipa iberculosis Sanitarium, Chicago, Illinois 
Presented before the Medical Session, as part of the session on Medica 
T uberculo it the annual meeting of the National Tuberculosis Association, Ls 


California, May 18, 1953 
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tient 
itients Ll hops 


mtient 


biopsie 


therap Whe: iling 


seemed flected another ytograph 
taken i the pretreatment spect 
ith streptom T } drostreptom cin. PAS. or 


reatment 


ind usuall Ver much longer. The period ot 
because of failure of improvement In some ol he pa 


ions sever in rvais t he onges period ol 


RESULTS 


The fir nge t occur mu the patients vith tuberculous ulceration 
pharynx and under antimicrobial therapy was subjective (2 
Was cessation n, frequently within forty-eight to ninety-six hour 
the start of therapy. This relief of pain often occurred before there was any 
obyer tive evidence of mprovement Thereafter there was a gradual decrease in 


edema and infiltration followed by epithelization of ulcerated areas rhis 
improvement is usually most rapid following the use of streptomycin or dihy 
drost re ptomyec } Isoniazid was next in the order of effectiveness. PAS was 
much slower in action and required a longer period to achieve the same degree 
of improvement. Amithiozone was ineffective in the single case studied, It will 
be recalled | that the patients who received cortisone or corticotropin showed 


no objective rele nee ol impro emetnt and some her ume worse while under treat 


Hi slopatholog 


Biop material obtained before treatment; Examination of pretreatment HLOpsy 
specimens revealed some ariation in the histologi picture, but virtually all 


showed distinct tubercle formation with caseation necrosis, epithelioid cells, 


Langhans’-type giant « s, and lymphocytes 


Vas common den the stroma w 
pattern of thestror is somewhat altered depending 
upon the oul nl 0 reaction. In tho reas mi Vv ch the inflamma 
tron is vessels 
n the rela Study « Dbrous con e tissue elements b 


Ma 


meat oO tissue component 


nflammatior tubers discrete there appe 


of the connective tissuc pert due to compression byw the 


feration of fibrou 


\cid-fast bac i were demonstrated in 7 of the pretreatment biopsy specimens 
ind occurre dl most tre cpu ntiv m those whi h ‘ xhibited widespread inflammatory 


changes Three of the 7 patients had had no previous treatment } were patients 
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Amithio 
| 
Dil PAS nad isoniazid 
24 patients 
The tie ere ‘ ed at fre ent inter. during 
had occurred mul enetits 
observation being twenty-three months 
ment 
is 
expanding ither than pro) 
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of the previously reported group who had recently received cortisone or corti 
cotropin. A multitude of typical tubercles were studied without finding any 
organisms 

Biopsy material obtained during or following treatment: Biopsies were performed 
at various intervals during therapy with the antimicrobial drugs. In thos 
patients who showed a good clinical response alleviation of pain diminution 
In swelling ol the involved tissues, et cetera), biopsy specimens obtained “ap 


proximately three months after beginning therapy revealed the following picture 


The epithe r was regenerated but m in thickness and in some 
nstances displayed derable acanthosis. Acti ill evident in 
the stroma of | nts in whom the lesions gross ipy d to | These 

vere usua discrete, showed 
lade up predominant epithelioid cells 
\cid-fast bac lemonstrated in 
\Iasson trich: some 
onsiderab! 


quite 


Biopsy specimens obtained ut longer intervals t he heginning ol therapy 
up to twenty three months) showed greatet prolite ration of fibrous tissue and 
diffusely scattered, and/or collections of, lymphocytes. The epithelial layer 
exhibited some irregularity in its pattern of growth 

Comparison of the effects of the different antimicrobial agents used revealed 


on the fact that hea ing ol the disease was more rapid and comple tt pa 


tients treated with streptomycin, dihydrostreptomycin, or isoniazid than with 


PAS or amithiozone. No specie difference could be noted in the type of response 
obtained with streptomycin dihyvdrostreptomycin or isoniazid. In one patient 
treated solely with PAS for seven months aling occurred but was very slow 
by comparison with the former drugs, and tubercles persisted. Amithiozon 
alone was used for less than two months in one patient examination of DLOp 
specimens showed ¢ dence ol progression vhile inder therapy This patient 
was therefore treated ith dihydrostreptomy: in and PAS and obtained a good 
result 


Representat 
The essential finding representatt group may tx 


arized as follows 


um 

Larvngs tuly streptomvel nd PAS figures | and 2 ecks 
ilter therap exan ps mater reve ed no intact epithelium uniforn 
thickness. some eden he " ind collections of epithe nal oe hut paucit 
giant cells and periph phocytes. The tubercles seemed to “blend vith the su 
rounding stron Some hocvtes were noted part 1 the tubercles Phere 0 
present in the stror t} gularit ‘ the ¢ thelium per ted 

Larvngeal tulx aul irostreptor ei nd PAS higure | mit 
ol tive Specie mi thires nd one.-t mths ter the beg ing ther 1) 
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solitar tubers vit | portion 10 


epithelbod tuber 


epithelia 
cles present mphoe tes and 
proliferation ol 


thickness with some eantl 


ind Masson stain 


osis. Seatter 


showed patch 


dihvdrostreptomyecin and PAS 


treatment ops “ tained 


figure 4 The first post 


ipproximately tour months after the beginning of 
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war “ 
Y 
3 
> 
Pad 
= 
~ 
~ 
> 
t at 
hie. 1. JW vhite male, 30 vears of age. Started on streptomycin and PAS, given daily 
1. Pre-treatment specime! Januar 1953) showing some acanthosis and a 
ist stair the tissue from the pretreatment biopsy showing mat iid -fast 
< 
showed an epithelia iver o 
cytes were present throughout the stroma, proliferation 
ol fibrous tissues 
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white female 5 irs ol age admitted on March 24, 1951, and started on 
streptom » and PAS therapy which was continued until the present time 
{. Pretreatment biops specimen March 26. 1951) showing coalesced tubercles in the 


oma. There is considerable weation necrosis and there are numerous Langhans 

Biops specime! ol ined alter twent three months of streptomycin md PAS 

therap howing irregu of the epithelial layer, marked proliferation of fibrous con 


nectiv tissus ind collect i lymphocytes Some muscle cells are seen in the lower 


hand corner Hi ar 


therapy with dihvdrostreptomycin and PAS showed tact epithellum and considerable 
fibrous tissue proliferation of the stroma, some of which had undergone h ilinization 
Beneath the epithelium ar x<tending down into the stroma, collections of chronic inflam 
mator | vere note second biopsy specimen was obtained approximately four 
months la ind reveales 1 acanthosis of the epithelium along with variations in thich 
ness. S il lymphocyte vere seen seattered through the stroma with little tenden 


toward uu ration Aguin some yroliferation of fibrous connective tissue Vas seen 


proxima three weeks later. the therap vas changed to isoniazid and PAS, and the fina 


biopsy specimen obtained four months later showed some acanthosis of the epithelium 
ind many disere to confluent tubercles in the stroma. Little or no caseation was noted 
man typical giant vere present. Connective tissur iin revealed complete cle 


struction in the views ft tubercles, Section stained for fast bacill showed 


organisms occurring ng d quite apart from each othe 


weal tuber osis: isoniazid (figure 5 After five months of therapy the biops 


overing ¢ t m of various thicknesses, showing considerable canthosis 


In the stroma many seatter mphocytes were seen, and special stamimng revealed consider 


ible increase in connect e tissue 


tuberculosis: PAS (figure 6 vit \ performed six months 


with PAS, and microscopic examination of the specimen revealed that 
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Case 5. Laryngeal 


ears of age 


hydrostrepton 1951 to June 1951 
from June to ni 24, 1951 

1. Mirror appearan { larvnx on Mareh 3, 1951 
infiltration of 

Appearan ol cdhhydrostrept« 

ad: on ig nl mucos thickening 

Pretreatment \l 
i marked ft stro A large tubers 
corner and there 


June 25. 195) 


thon o ome 
Post-tre 


thelium and 


the epithe hom tubercles 


thon of fibrous tissue 


droatrepton Januar 
twiee A ‘ ‘ 
Mirror nee « O52 revealec 


with 


it il 


supertet 


pretreatmet 


im the unce 


reh 6, 1951) show 


lls througho 


ma PAS ire 


February 26, 1951 


mtreptom 


— 
~ 
‘hh 
j 
d dihy vein and PAS 
There is extensive uleeratior nd 
therap Phe ule thon has 
ing ules tion of the emthelum 
‘ s noted in the lower left-hand 
tte ectior Note the preserva 
nas Od vessc| 
Th) showing regeneration of the ep 
eyvtes A 
he hospital or Januar IS, 1052 
2. 1952. dat for two weeks ther 
fy Oetober 14, 1052. to date 
| rked thickening of the emglottis 
The rest of the larynx ts hidden but is diffusely i 
quite normal a he rest of the uryi 
Note the ules the emthelum and rey mement granulation tissue im the 
er Januar 19. 19052 There diffuse inflammator reactior 
H and E stain, 100 
After lrostreptomvein and PAS Drops 24. 1982 
re-epit he ore sional colleetior ce simulating ‘ There 


is a marked decrease t lula ron nd there is some proliferation of fibrous 


tissuc H and | 


Biops specimet pteml> 52 owing some inere 


the epithelial layer ! markes j number of 
formation could be de mastrat 1, x 100 

} This biops specimmer obtained 

1953) and shows an intact epithelium | 


the stroma. Not 


C 
< 
‘ 
? 
4 
4 
Fie. 4 
stall 
ss. in the thickness of 
ivmphocytes. No tubercle 
ol many confluent tubercles 
Note the ‘ giant cells present Ho and stair 
| ‘ 


Fia. 5. I tel irs of age, admitted on December 28 Started on 
isoniazid therapy o ' { 5? and continued until October 25, 1952 
| Mirror appearance or March 8. 1982. reveals marked ilteration of the epigiottis There 


mel segment t sing and the edges are gre vy thickened and uleerated with 


rant granuiati 


(Appearance ¢ . O52, after isoniazid therapy. The missing segment is larger 
andi the ecdiwes are ot sth Hlealing of the ulceration has taken pl sce and the grat ula 
tions have irae 

retreatment apecime: Miarch S. 1052) showing some acanthosis ol 
thelium, sever pat tre i tubercles und seattered inflammator elis H and 

Another ‘ specimen the stroma 


100 


huge giant cells | nt nd bk. stain 


have disapp th pronounced mncrens¢ nthe hbrous connec 
ithel lis] son ri 


o> 
sé 
pa 
eX 
< 
herele tive tissue 
tail 
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white male, 2 of age, admitted on March 2 


April 15, 1951, to November 2. 1951. when h vas discharged 
1. Mirror appearance « pril 14, 1951 ’ 


It is greatl thickenes i it ted, hiding the 


diffusely infiltrated 
B. Appearan 
irvepiglottic folds 
Pretreatment 
epithelium and repl 
stroma. (H and | 
D. Biopsy specimer 
erated epithelial la 
weation 


~ 
4 
. 
i 
iwwainst medical advice 
| teration of the epigiottis 
letober 13. 1951 after PAS therap Ihe emgiottis is about norma 
rel ning alteration s diffuse thickening of the rvtenoid nad 
Ds specimen Apnl 16, 1951 showing marked uleeration of the 
ement granulation tissue with mars confluent tubercles in the 
x 
October 15. 1951) following treatment with PAS. Note the regen 
hows ‘ epithe rid tuberctes are ati presenti the stroma Phere 
tor one giant There ‘ rience of fibrou tissue 
proiiter 
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vuimitted on June 6, 1951. Given amithiozone 


drostrepto and PAS from August 2S 


epithe! ral portion. Seattered lymphocytes 
throughout t at il 


1951) tollowing amithiozo therap Note the 


marked 
whict have become 


cor nt and show manv giant 
un, 100 
\ugust 4%, 1952) approximate months comple 


varies in thickness 


d PAS therap he epithelia 


below rut inding feature 


= 
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4 
a7, 
it. 
. 
. 
C 
r 
OAR 
Fie. 7. J. G., white le, 47 Ol ag 
from July 16, 1951, to August 27, 1951, then dihy es 
o Febru on 
fes are 
Biops " ‘ \uguat 2; 
in the nmumle 
cella and some 
Final ‘ 
marked pre t us tissue Hoand stair x 10 
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somewhat in thickness eV te tubercles 
s were composed rg cells and 
paucit nal | mpho tes 


apart 


Summary ol histo fhologic finding Krom the sections studi 

that treatment with streptomycin, dihydrostreptomycin, or isoniazid resulted 
In a disappearance of tive tubercles after approximately four months of 
therapy Subseq tL Dlopsies showed only more proiwteration ol fibrous 


tissue, the presence Oo to many lymphocytes and variations in the epithe ikl 
laver (5). One patient who was treated with tsoniazid after prolonged reatment 
with dihvdrost reptomys n did not show the favorable re ponse in the lesion 
which was se il treated initially with isoniazid. While some fi 
brous tissue prolife ol s noted along with a diminution in the number of tu 
bercles seen in thes Lie! treated with PAS alone, there was still considerable 
evidence of acti i marked reduction in the number of ginnt cells Treat 


ment ! ( h amithiozone for two months resulted in progression 


ol! t he 
Outcome of the Patients Studied 


The study wa 


begun early in 1951. During the ubsequent 


the 24 patients had died of progressive pulmonary tuberculosis lwo were dis 


charged vith arrested dis se, and one with inactive disease Kight left the 
hospit il against medica Ldvict The remaining S patients till have relive 
disease and are st under treatment 

Examination of s il roentgenograms usually showed some improvement ol 
the pulmonary lesions during the firs vy months of antimicrobial therapy 
Later the pulmonary ons progressed to a fatal termination in 5 patients, 
although the larvng esions healed and remained healed. Post-mortem exami 
nation In cases iled healed larvi lesions i though the patie ni had 


been discharging cle bacilli in the sputum during the terminal pe riod 


DISCUSSION 


It is evident t tme! v1 any of the effective antimicrobials produce 
healing of the followed after a period of 
lesion ents seems to tx i 


diminutio I inflammation ad 


LARYNGEAITI 

the epithe i! vus tac it Vv 

vere noted the stro The t 

With spe« stains msible to demonstrate n increase in connective 
Irom, surrounding i nts invading, the tubercles. Sections stained fo cid-tast 
bacilli iled to sl ganisms present 

(‘ase 6. | rie tule | imithiozone (figure 7 After seven weeks of amithiozone 
thera n ed prog the disease process was noted, as evidenced | the histo 
pathologic cle ) ‘ sive ll ement with confluent tubercles showing mat 
giant cells 1 some ent ecrosis. The ove ny st tified squamous epithelium and 
the stron essels imusu Masson trichrome sta revealed an absence of cor 
nective tissue in the ist Multiple thera lihvdrostreptomvcin and PAS) wa 
then giver d ‘ ‘ obtained ost one vear te lisclosed some irregular 

t ol the « he tt ed rohan ‘ nad I i! nerease in fibrous cor 
nect et sue 
ad 


258 LL THOMPSON, AND LICHTENSTEIN 
ippeara uberel vy, replacement of necrotic material by fibrous 
connective ti 
Morphologi ts attained with streptomycin, isoniazid, PAS, or 
combinations of these the same except for the time required to attain 
maximum improvement. Streptomycin and dihydrostreptomycin were found to 
give the quickest improvement Isoniazid was also very effective, but somewhat 
slower. It is noteworthy that tsoniazid, although very effective as an initial 
therapy Vil relatively inetiective in a patient vho had previously received 
considerable dihvdro treptomycin figure 4 This comeides with the experience 
of the present riters that tsoniazid does not u llv cause clearing of the 
roentgenographic abnormalities in patients who e residual disease after 
maximum improvement on streptomycin Para-aminosalicy ly is con 
siderably lower in producing healing ind microscopic ¢ idence of persisting 
disease remained for umber of months after ther ipy Was started. Amithiozon 
was of doubttu ce progression ol disease could be noted in the single 
patient vho rece tril drug 
\ppare t healing « macroscopic lesion may occur while tubercies px rsist 
in the underly If tubercles persist, appears highly probable that 
nig tuberc ( il present whether thes ire demonstrable ol 
long as ing ( villi are present, relapse ol the lesion remains 
therefore, that the lesion should not be considers 
until tuberel ad ippe ired 
\fter morphologic heating of the tubercles, the laryngeal lesion has usually 
remained he ¢ ! those patients vhose lesions were progre 
ive W nel uit The diminution in numbers o1 disappe irance ol 
tuberel from the sputum while the patient is under chemotherapy ts 
probably important contributory factor in preventing reinfection ol the 
Ne erthele diffieult to explain the reiative speed ind thorough 
of healing is contrasted with that in the pulmonary lesion 
Lhe difference u y between the two tissues may lie in the relative solidity 
of the laryng the greater number of tubercle bacilli present in the 


pulmonary bon th vreater amounts of caseou material presen in the 


pulmot ! act that cavitation Is common In th ung 


Phe larving 0 Ss attention e@ariyv te Ol pain hoarseness 
lf untreated, it often ¢« ses serious constitutional deterioration ntertering 
with deglutit ol The ymptoms and findings therefore ire USUALLY exaggerated 
in comparison vith the mall size of the lesion. These facts lead to early recogni 
tion und treatment of irvingeal lesions This contrasts with the Trequent delay 
in the treatment of pulmonary lesions, which leads to massive involvement with 
enseation necro na iVitation It mav te that results im the tre itment ol 
pulmonary ‘ ol vo ) is good is with larvngeal lesions if treatment were 
viven at an early stage while involvement was very limited in extent: however, 
difference al det . mechanisms cannot be ruled out as causes 
ferent resu ol therapy 


Che effect ness of the antimicrobial drugs is in marked contrast 
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eflects observed after ten to twenty-two davs of treatment with cortisone ol 
corticotropin Dhe effect of these substances is considered to be the result of 
their effects upon tl Chis interference with the defense mechanism is re 
flected within a few tan increase in the number of tubercle bacilli noted 
in the mucosal lesion. Under treatment with antimicrobial drugs, the tubercle 
bacilli disappear and the host soon heals the lesion. Since it has been demon 
strated that isoniazid penetrates readily into caseous areas in the lungs (6 if 
would be assumed that bacteriostasis should be just as effective in the lung as in 
the larynx. However, the failure of the lung to heal as readily as the larvnx indi 
cates either a local : vation of the drug or a local failure of the defense mech 
“anism 

lhe use of biopsies of mucous membrane lesions is recommended for the study 
of the progress of tuberculous disease as it is influenced by a variety of factors 
in the human patient. The biopsy can be used as an indicator of the effectiveness 
of medication on the tubercle, which is basically the same whether in the lung 


or elsew here 


SUMMARY 


Serial photographs ind Dlopsies Were made of the accessibl mucous mem 


brane lesions of 24 patients under antimicrobial therapy. The common sequence 


of events with effective the rapy Was as follows subjes tive relief, healing of the 
gross lesion, disappearance of tubercle bacilli, diminution in mi roscopic inflam 
mation, resolution tubercles, and fibrous tissue re placemye nt. Dihydrostre pto 
mycin, streptomye ind isoniazid were rapidly effective. Para-aminosalicylic 
acid was much slowe1 imithiozone was ineffective in a Ingle case Th ontrast 
ing results obtained wv th cortisone and corticotr®pin a compared with the anti 
microbials is discussed. The method used is recommended as a means of study 


ing the tubercle in the human patient 


SUMARIO 
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LA RY NG 
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en la Tube 
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culo ¢ ‘ seres ful 
Des photograph ses en sere cde es1ons accessibles des muqueuses ont été 
tes che 241 i ntibactener La suite habituelle des évén 
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ment orqué the ‘ tait eft metionnelle 
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EFFECTS OF ISONIAZID AND IPRONIAZID ON THE CENTRAL 
NERVOUS SYSTEM OF THE DOG 


WILLIAM SCHALLEK ann DONALD WALZ 
Received for publication Nia 
INTRODUCTION 


Previous work indy ites that large doses of isoniazid and iproniazid have TON 
effects on the central nervous system of the dog Jenson. Stefko. and Rok 
found that isoniazid, 100 mg per kg. intravenously or orally, caused “central 
nervous system signs consisting of apprehension, anxiety, a1 d convulsions. which 
became continuous and terminated in death.”’ Similar symptoms were noted with 
iproniazid at 140 mg. per kg. administered by the same routes. Rubin and co 
workers (2 found that isoniazid DO meg pel kg. intravenously, « iused fatal cor 
vulsions in dogs. In chron experiments, isoniazid at 10 mg per kg. pet dav 
caused ataxia, tremor ind convulsions after ten weeks of oral administration; 
vith higher doses, convulsions occurred more rapidly 2.¢@ 

In view of clinical reports of central nervous system disturbances In patients 
treated with these drugs (4-8), it seemed worth while to make a further study of 


the etiect ot the se compounds on the central nervous system of the dog Particu 


lar attention was paid to the minimal doses which caused neurotoxic symptoms 


Obser itions were made of the effects of these drugs on the elect roence phalogt im 


as on the be ha or ol the dogs 


METHODS 


ectroenceptl 
thesia, usil 


respirat 


as Well 
For the acute expe ent ervations of drug eflects on behavio ere made toll re 
int venous injection 1 i nesthetized dogs ilographie change ere 
cedure deseribed scl ‘ iSmith (0 Artificial ion was instituted throug! 
tracthe i needie wa nserted i lel ru ein to necting 
solutions. The eleetro epl wram was recorded trom steel needl inserted in holes 
at ed through the i On completion of the operative procedure, the en irround the 
cis s were infilt ‘ waine and the nin ed with nethonitu 
( Drugs were injected hours after the st injection of thiopental. Records were 
per clit rite uur or five hours (at s Mock C eleet oenceptl 
grapl used. At the ision of the experiment, the anim crificed. For ana 
he results. the d | nd amplitude were measured tyvpicn ect 
tiv ecorcis 
For the chrome « ‘ ‘ simultaneou servations ere le on bel Tr | 
electroencept ges, using ed, unanesthetized dog llectrode ere 
ttached t he sl ed | th bentonite | te and then secured with collodion, u y 
the method dese bed he / tion Mayr the G LAL encepha yrapl lhe 
electrodes, 1 le he G Instrument Comp clini ise re cup-shaped 
pure silver py ‘ in diamete The dogs were erved for two to thre« 
irs ving or aol tive irug 
From the De rasa Hof inn-Lahoche Ine New Jers 
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teule rperime nis 


oni izid 10 20 ind mg per intravenously had ho 


5 unanesthetized dogs. When these 
however, by test doses of 40 or 50 me per kg.. defi 
n behavior for the first hour 


Single doses of 
priming doses” 


effect on the behavior of 
were followed one day late 
effect ere produced. There was no change i 
The dogs then showed periods ol gradually Increasing hyper 
Che behavior returned to 


rite 


following injectior 
t into ton clor con ulsions 


wtivity and finally bur 
ipproximately three hours Iproniazid vhich was tested on 6 unanes 


normal i 
Dose |e els which 


central stimulation than isoniazid 


thetized dogs produced SS 
n the isoniazid dogs either had no effect or produced only 


produced cor lol 


hyperact! itv in the ipror izid dogs table | 


ng doses of 101 


owed similar resu 


one 
(‘onvulsions it 


Convulsions tit 


ravenous 
svenousl 
came hyperactive 
d sound 
28: dog disonentec 
tehing of bod 


RESULTS 
rABLE 1 
\ re I UN ESTHETIZI eve 
The f owing dogs received priming ng. per kg. intravenous 
on the d eceding the test dogs, pretreated tl 
2) mg. per kg., sh |t 
RAVE 
\-6 Isoniazid 
\ é Isoniazid 2 hours 
is Iproniazid peractive in minutes 
2 ) Iproniazid More ilert in 20 minutes 
blood urine ieces 
Representative Proto 
Vale 
2/2/a [sor no eflect 
2/4/00 4) neg no change tor hour 
Dog followed b veakness hind legs 
hy perse tive vht 
borne moved blind cage, throwing 
hinmise tthe d t bec h 
‘ { nvulisions. tonie- ctionic t 
he ‘ Dow juliet exhausted, ther ecomes hyperexcit iis 
onented 
it ed, but sti shows et 
he Resting parent norma 
1-9, Fe ‘ 
2/17/58 Iproni 1, 10 me. pe Kg intravenous etlect 
2/18/53--Iproni i, A) mg. per kg ntravenous no change for 5 minutes 
nule Dog excited 
) minutes—Whining, hyperactive 
nul Restless, clawing at doo 
Quiet ent nor 
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Che effects of these drugs were next compared on the electroence phalograms ot 
2 dogs prepared under the thiopental ( tec hnique dese ribed above Doses ol 


isoniazid which caused convulsions in unanesthetized dogs produced bursts of 


high-amplitude spikes in the electroencephalogram, the maximum effect occur 


injection figure | Iproniazid, on the other hand 


ring one to two hours after 
These data are summarized in table 2 


caused only slight increases in amplitude 


ISONIAZID 


ANESTHETIZED 00G 
4 


ANAS 


¥ 
a 


CONTROL 


In | 


2 HRS. AFTER 100 |. V. 


electroencephalogram of dog prepared under 


technique 6.5 Kg 


~~ 
A | vil A A f \ 
2 HRS. AFTER SO 
| 
hy fu 
' 
VAN 
ry \ 
j 
rABLE 2 
or Drie LECTROENCEPHALOGRAMS OF ANESTHETIZI Dog 
\ 
245 Picrotoxit Non 0.5 100 
* The 100 mg. pe y ‘ s injected three hours ter the 50 mg. per kg. dose 
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ISONIAZID 


UNANESTHETIZED DOG 


COMTROL 


ectroencephalogram 


Chronic | rperiement 


Drug vere adm tered to 3 dogs in daily doses of 10 mg per kg. orally for 


the first ten days »>mg. per kg. for the next five days, and 20 mg. per kg. for the 
three ucceeding day None of the dogs showed any changes in behavior which 
could be ascribed to the action of the drugs. Dog No. | showed bursts of high 


amplitude pike the electroencephalogram after three days on isoniazid 
figure 2 L hese ontinued tor the remaining fifteen days of treatment and 
disappeared o val of the drug. Dog No. 2 showed spikes after eight days 
of isoniazi t recur during the remainder of the treatment. The only 
ymptom d \ on iproni izid was muscular twitching during 


the eighth dav ot tre 


Dist SSLON 


Lhe central ettect du the dog resemble those caused by picrotvoxin 
both in producing « ilsions in unanesthetized dogs and in increasing the ampli 


tude of the electro ephalogram in thiopental dogs (table 2 In regard to 


the doses used, however s<oniazid is much active than picrotoxi mg per 


kg. of isoniazid g ! | producing les electroencephalographi 


OS we 
OAY 10 FO 
‘ 
v \ 
Ww 
OAY 1S MOMs PO 
Fic. 2. Effect of isoniazid on 7 of unanesthetized dog. Trained dog 
No. 1, female, ¢ rf 
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change than 0.5 mg el of pierotoxi \loreover. picrotoxin exerts its effect 


more rapidly thar iazid, the maximum effect at these dose leve 


Is by 


reached in eleven minutes with picrotoxin and in fifty minutes with isoniazid 


Isoniazid in t experiments had little central action unless a priming 


dose had heen rh ! the preceding day whereas picrovoxin did hot require 


such priming 

he only previous report on the electroencephalographic effects of isoniazid 
in experimental animals seems to be that of Angelico and associates (10). These 
investigators found that 100 mg pel kg. of isoniazid intravenously had no effect 


on the electroencephalogram of the curarized rabbit. At 150 mg. per kg., a “‘grand 


mal” convulsive pattern appeared in the electroencephalogram, followed by death 
] 


investigators cone luded that isoniazid has no electroen 


nte that sub 


in twelve minutes. The 
cephalographi etiects below le thal dosages | he preset nt studi 


lethal doses of isoniazid have definite electros nceephalographi« effects in the dog 


since spikes appeared in} the electroencephalograms ol sthet zed dogs 


vhich showed no changes in behavior (figure 2 


In man, no abnormal patterns” were seen in the electro ncephalograms ol 


vatients under treatment with tsoniazid (4 to 10 mg. per kg. per day) or ipro 
| 


niazid (4 mg. per kg. per day 11). Nevertheless, the iproniazid patients showed 


signs such as involuntary muscle twitching, hyperreflexia, and mild euphoria 


indicating central nervous system eflects of the drug The isoniazid patients had 


effects qualitatively similar, but less severe and less Irequent (S 


The present studi ndicate that isoniazid has more central effect in the dog 


ir finding in schizophrenic patients is reported by Pfeiffer 


than iproniazid \ Simul 
12). He observed that vith an oral dose of 15 mg per kg. of isoniazid, fourteen 


of thirtv-one patient showed strong recruitment ol the facial muscles when 


exposed to a flicker ng ght lor three minutes In contrast none ol thy se thirty 


one patients showed recruitment when tested after a 15 mg per kg oral dose of 


iproniazid 
SUMMARY 


The effects ot ona i d iproniazid ha e been ¢ mpared on the central ner 
ous system ol the dog. Sixteen animals were used in these « yperiment lsonia 
d resembles picrotoxin both in causing convulsions in unanesthetized dogs and 
causing burst tf high-amplitude spikes in the eiectroencephalograms of 


inesthetized dogs Ip ol d. at the same dose leve!s, has much less effect on the 


eentral nervous system, t inanesthetized dog showing trat wernt hyperacti ity 
ind the ¢ ectroencephalog ims of the ane thetized dog sho ng small mcrense 


in amplitude 


SUMARIO 


le / / hre \e el Pe 
por rovo > erTros & ! connie por ) ) 


SCHALLEK AND WALZ 


lectroencel alogramas perros inestesiados. La 
mucho menos efecto ! | sistema nervioso central 
hiperactividad pas ‘ lectroencefalogramas 


plitud 


soniazide ressemb 


on anesthésié ¢ 


pointe de gt mplit ‘ le ‘ encepl 


memes doses 
en non anesthési1 


u augmentée dat 


macologic an 


wid (Rimifor 


Rev. Tuber 


chemotherapy of human tuberculo 


MARTIN izards of isoniaz 
Am. Rev 


291 
Maret 


Jt) 
de los anestesiad equ s aumentos de la amp 
RESUMI 
Le le le et dé proniazide su leme nerveux central du chier 
Les effe le e et ade iproniazide sur le systéme nerveux central du chien 
nt été cor ~ ux ont servi A l’expérimentation. Li le A 
picrote ‘ provoquant des convulsions chez le chien ¢1 
grammes du chi ‘ hide Au romazide a beaucoup moins d'action 
ir ste ‘ eu ent maniteste une hyperactivite tempo 
Ba nlitud les est |'6lect roencéphalogramme du chiet 
snout 
REFERENCES 
1) Ba nn, W. M.S AND Roe, M. D.: toxicologic ob 
hydrazine derivatives of isonicotinic Marsilid), Am 
he Dube 2, ¢ 76 
Run Bu ar, Gi. In., Tuomas, B. G. H Burke, J. ¢ Pharmacolog 
i} ira le N vdrazid An Rev Pubers 1952, 64, 302 
P Ss. VIARKA I J.: The effects of on the 
to 1 (isonicotinie acid hydrazide \m. 
1) Ss Korr, |. J., Ros zex. kul Or rein, G Poxicity of hydrazine deriva 
‘ time acid in the 
Bu Sea Vie Hosp., 1952, 13, 17 
») Ferrer C. id therap 
Oo) ul er, KR. A ( imional psychosis with residu organic cerebral impairment 
therap Laneet, 1952. 2. 060 
S) Row EK, | I. J Mamiok, ‘ ry \ Isoniazid and its 
I in the therapy of tuberculosis in humans: Comparative 
therapeu toxicologie properties, Dis. of Chest, 195 
ex, W Llectroencephalographic analysis of side effects 
lrug J. Pharmacol & Exper. Therap., 1952, 10 
lO) Anat \ (Mort \.. Martani, A MIARIANI i, AND 
Ricerche sull’idrazide dell’acido tsonicotinico Inst. sup 
I 1952 627 
11) Secixorr, J., H » G. G.: Withdrawal symptoms upon 
diseont i ‘ promi d and poniazid the \r Rev. Tubere 1953, 67 
212 
12) Preierer, ( communicatior 


GENETIC STUDIES ON MICROBIAL CROSS-RESISTANCE 
TO TOXIC AGENTS 


III. Cross-Resistance of Mycobacterium Ranae to Twenty-Eight Antimycobacterial Agents 
WACLAW SZYBALSKI ann VERNON BRYSON 
Received for publication May 21, 1953 
INTRODUCTION 


It is currently established that tubercle bacilli readily develop resistance to a 
majority ol the clinically important antimveobacterial agents Outstanding ex 
amples of such agents are streptomycin, p-aminosalicylic acid (PAS), isoniazid 


viomycin, and amithiozone 


Empirical evidence suggests that multiple chemotherapy may provide the 


simplest method to combat the emergence of resistant strains. To be effective 
such therapy requires the use of at least two agents which are not related by 
cross-resistance, An atte mpt has been made, therefore, to study the development 
of resistance in Mycobacterium ranae to numerous known or potential antimyco 
bacterial agents and to prepare a table of cross-resistance expressing the sus 
ceptibility of normal and resistant strains to all of these substances. The experi 
ments with ./. ranae were preceded by similar studies performed with £. coli 
1) and Wicrococcu pyogenes Var. aureus 2 In addition to the determination 
of cross-resistance patterns as a possible contribution to antimicrobial therapy 
the over-all objective of these investigations has been to establish a biologi 
classification of antimicrobials on the basis of their cross-resistance patterns and 


to determine the effect of different bacterial species upon the patterns obtained 


MATERIALS AND METHODS 


din these periment facteria 
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Im the present experiment CAV suspensions of V anae were streaked over the sur 
face of gradient plates bee the growth of surface colonies of this organism 18s much more 


rapid than the development of subme rye colonies Figure | provides i typical ex ol 


bacterial 


growth o i gradient plate containing, in this instance, streptomycin Ir 

absence of toxic substances, colomes which arose trom single cells achieved a diameter 
of lto3 mm. after twod sof incubation Ir the presence ot a toxic agent resistant colonies 
otten grew consider it) siowerl requiring i corresponding! longer incubation period 


Plates were kept in po t ne bags sealed with rubber bands to prevent desiccation 


RESULTS 


Isolation of dri S28 ( strains: The isolated drug-resistant strains could be 
subdivided into several classes on the basis of: Irequency of occurrence ot re 
sistant cells within drug-susceptible cultures; degree of drug resistance; and 
presence of any noticeable abnormalities in morphology or growth rate 

Strains resistant to either streptomycin or isoniazid may develop practically 
complete resistance in a single step (4, Il with hardly any alteration in the 
growth characteristics many such strains. Resistance to a saturated solution 
of chloramphenicol also develops in a single step. In this situation, however 
the resistant mutant exhibits mucoid growth. High resistance without sub 
stantially impaired growth characteristics developed in only a few steps to the 
following antimicrobials: licheniformin B, viomyecin, vinactin neomveln, 
catenulin, and illudin M and 8S. Low solubility of the illudins, however, limited 
the range of concentrations tested. Although it was possible to select) strains 
hav ing moderate or h gh resistance to bacitracin and mycomveetin, then growth 
Was strongly impaired a id the colonies had a mucoid appearance Less rapid 
growth was also observed with strains exhibiting low or moderate resistance to 
circulin, polymyxin B, streptothricin, chlortetracycline, oxytetracycline, thi 
olutin, PA-89, penicillin, and PAS. It was not possible to obtain a more than two 
fold increase In resistance to iproniazid No increase in resistance was noted after 


growing 7. ranae on gradient plates in the presence of nisin and patulin. By 


restreaking the seemingly more resistant cells on the same gradient plate after 


preliminary incubation, it was possible to obtain some growth of 7. ranae at 
twice the inhibitory concentration of amithiozone. This apparent resistance was 
unstable and the resulting strain, when isolated and assayed on anothet gradi nt 
proved el slightly more susceptible than the parental culture 
resistance Cross-resistance was determined by assaying the 
susceptibility of each resistant strain against the entire series of antimycobacterial 
agents. The figures in table | represent the factor of resistances i.e., the ratio of 
the susceptibilities of the resistant and parental strains. Increase in the sus 
ceptibility is shown as a fraction 
Che top row in table | indicates the concentrations required to inhibit the 
parental strain ol WV. ranae. For « xampile, it is seen Irom the table that the strain 
MBC with fiftvfold increased resistance to bacitracin (the diagonal of the 
table) is six times more resistant to mycomycetin and two times more sus 


ceptible to viomvel Therefore. the inhibitory concentrations of bacitracin 
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mycomycetin, and viomycin for the bacitracin-resistant M. ranae are 10,000 
(0 X 200), 1.2 (6 K 0.2), and 1 (44 X 2), respectively. 

Several facts become apparent upon studying the table of cross-resistances. 
The data have been tabulated so as to place in proximity the agents related by 
cross-resistance, and thereby to reveal their relationships. 

The largest group consists of some bacterial and Actinomyces polypeptides 
together with neomycin, catenulin, streptomycin, and netropsin. The degree of 
cross-resistance, however, varies considerably within this group. A high degree 
of cross-resistance is observed between microbiologically identical viomycin and 
vinactin and between quantitatively distinguishable catenulin and neomycin. 
Strains resistant to the first two antimicrobials are also highly resistant to the 
latter, but the reverse relationship is of a very low order. Streptothricin, strepto- 
mycin, and netropsin are less closely related to this group, with several cases of 
unidirectional cross-resistance only. A slightly higher degree of cross-resistance 
is observed between strains resistant to circulin, polymyxin B, and licheniformin. 
The polymyxin-resistant strain shows a striking increase in resistance to strepto- 
mycin. Hydroxystreptomycin, dihydrostreptomycin, and streptomycin behave 
identically in all of these tests. Therefore, only streptomycin was included in the 
table. 

The second group consists only of chlortetracycline and oxytetracycline, two 
drugs of a very similar chemical structure. 

Chloramphenicol, bacitracin, mycomycetin, and PA-89 constitute a third 
group. Bacitracin and mycomycetin are also related to penicillin by a low degree 
of cross-resistance. 

The illudins form a fourth group exhibiting a high degree of cross-resistance. 
Low solubility and a scarce supply of these substances made it impossible to 
determine the upper level of resistance. 

The fifth group is composed of isoniazid and its derivative, iproniazid. The 
high natural resistance of M. ranae to iproniazid excluded the possibility of 
selecting strains with more than a twofold increase in resistance. These strains, 
however, were fully resistant to isoniazid. 

The table does not reveal any other pronounced groups related by cross-re- 
sistance. It should be noted, however, that several resistant strains show an in- 
crease in resistance to isoniazid and illudin 8. 

Resistant strains of M. ranae do not exhibit “collateral sensitivity’ (1, 2) 


to any high degree; a few examples of fourfold increase in susceptibility are noted. 

In addition to changes in the threshold of susceptibility, resistant strains may 
have an altered proportion of cells resistant to another toxic agent or a different 
mutation rate. Striking examples of increased proportion of resistant mutants 


are marked with an asterisk on the table. 
DISCUSSION 


Results emerging from the present study are analogous to those obtained in 
previous experiments with Escherichia coli and Micrococcus pyogenes var. aureus 
(1, 2). There are, however, differences in many details, and a few antimicrobial 
agents not included in the earlier investigations have received attention. 


MICROBIAL CROSS-RESISTANCE TO DRUGS 


In comparison with the two previously studied bacterial species, M. ranae 
exhibits a higher degree of selectivity within the first group of antimicrobials. 
The microbiologic identity of viomycin and vinactin is confirmed, but it is 
possible by quantitative test to detect a significant difference between the spectra 
of catenulin and neomycin (vertical columns, table 1). Streptomycin and netrop- 
sin are only very loosely related to this group, mainly by one-way cross-resistance 
as in the case of EZ. coli and staphylococci. M. ranae strains resistant to poly- 
myxin B show an even greater increase in resistance to streptomycin than do the 
other two bacterial species (1, 2). 

Strains of M. ranae resistant to chlortetracycline and oxytetracycline are 
completely cross-resistant; this species apparently is not able to distinguish be- 
tween the two drugs. As in the case of M. pyogenes (2), but contrary to the ex- 
perience with ZF. coli, it was found that strains of M. ranae resistant to chlor- 
tetracycline and oxytetracycline did not show any appreciable cross-resistance 
relationship to other antimicrobial agents. Netropsin is again (2) more closely 
related to the first group and is not related to chlortetracycline-oxytetracycline 
as is the case with L. coli (1). 

The third group of agents related by cross-resistance is composed of bacitracin, 
mycomycetin, chloramphenicol, and PA-89. Penicillin also shows some slight 
affinity to this group, which includes drugs of varied origin, properties, and 
presumably chemical structure. It is difficult to estimate the relationship of cross- 
resistances to possible similarities in the mechanism of antimycobacterial action 
of the drugs within this group. With minor exceptions, M. pyogenes and EL. coli 
do not show any appreciable cross-resistance between the antimicrobials of group 
three, i.e., strains of these bacterial species resistant to one agent are not re- 
sistant to other agents within the group. It may be concluded that grouping is, 
to some extent, species specific. 

Complete cross-resistance was noted between illudin M and §, two anti- 
microbial drugs produced by the basidiomycete Clitocybe illudens. They were not 
previously studied with FE. coli and M. pyogenes. 

Exposure of M. ranae to isoniazid or iproniazid results in the selection of strains 
highly resistant to isoniazid. As the inhibitory activity of iproniazid is originally 
very low, however, little further increase in resistance to its action may be ob- 
tained. There is no cross-resistance between strains resistant to isoniazid and to 
other potent antimycobacterial agents such as streptomycin, viomycin, PAS, 
and amithiozone. The high natural resistance of saprophytic mycobacteria to the 
two latter agents diminishes the significance of this observation. 

Several other investigators, however, report a similar lack of cross-resistance, 
both in vitro (5, 6, 7, 8) and in vivo (9, 10), for pathogenic tubercle bacilli re- 
sistant to isoniazid, on one hand, and to streptomycin, PAS, and amithiozone, 
on the other. This correlation between in vitro studies with M. ranae—and both 
in vitro and in vivo experiments with other mycobacteria including M. tuber- 
culosis—may be further exemplified by the reported lack of substantially in- 
creased resistance of streptomycin-resistant strains to neomycin (11, 12, 13), 
viomycin (14, 15, 16, 17, 18, 19), PAS (20, 21), and licheniformin (22). 

Resistance to streptomycin is either increased two- to threefold in strains 
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resistant to licheniformin, subtilin (22), and viomycin (23) or decreased one- to 
sixfold in neomycin- (11, 18) and amithiozone- (24) resistant strains. It could be 
observed that several unrelated antimicrobials select M. ranae with significantly 
increased resistance to isoniazid. When screening several strains resistant to 
chloramphenicol, five of the six independently isolated cultures had increased 
resistance to isoniazid. One strain, however, was three times more susceptible to 
this drug than the parental M. ranae. All of these chloramphenicol-resistant 
stocks were isolated as one-step mutants, capable of growth in medium saturated 
with the drug. Since full resistance of EF. coli to chloramphenicol develops in 
several steps (26, 27) but requires only one step with M. ranae, there appears to 
be an apparent contradiction to the earlier hypothesis of Bryson and Demerec 
(25) that the pattern of resistance development depends on the nature of the 
agent used and is not related to the bacterial species. This disparity does not 
necessarily invalidate the hypothesis if it be assumed that the relatively in- 
susceptible wild type M. ranae exists at a resistance level close to the potential 
maximum. Any other speculation on the genetic makeup of this species must re- 
main unanswered until it is possible to conduct crossing experiments similar to 
those performed with £. coli by Cavalli and Maccacaro (27). 

On the basis of the previous observations with EZ. coli and M. pyogenes (1, 2) 
and the present investigation, it is possible to conclude that a high degree of 
“collateral sensitivity’ is a rather rare phenomenon. “Collateral sensitivity” 
(1) is said to occur when a strain resistant to one agent exhibits a considerably 
higher susceptibility to another agent than does the parental strain. A low de- 
gree of “collateral sensitivity,” on the other hand, is very often encountered 
and may be one of the contributing factors in the complex phenomena of syner- 
gism between various antimicrobials as described by Klein and Schorr (30), 
Dowling, Lepper, and Jackson (31), Jawetz and Gunnison (32), and Szybalski 
(33). 

Two other properties of resistant strains are also noticeable. One is a small 
degree of increased resistance to unrelated agents; the other is a change in the 
average proportion of cells resistant to one drug within a strain selected for re- 
sistance to another. Both properties presumably have changed as a result of the 
preferential selection of physiologically different types of cells and are not 
thought to depend on the inductive influence of the drug per se. 

These incidental changes lend further support to the general observation that 
the isolation of bacteria with modified genetic composition by selective agents has 
several effects. One obviously is the establishment of strains which differ in 
response to the selective agent itself. Another is the correlated appearance of 
secondary changes in the biologic properties of the strain; for example, modi- 
fications in growth rate and morphologic appearance. The incidental alterations 
observed presumably arise because few, if any, mutations produce only one 
change; more commonly there is one major effect and several minor ones. Future 
research may continue to reveal that many resistant strains are altered in nu- 
tritional requirements or virulence and that antimicrobial drugs related by cross- 
resistance select for resistance mutants with similar primary and secondary 
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properties. In this study, the term mutant has been applied to bacteria with 
heritable differences in resistance, in the absence of precise localization of the 
responsible genetic factors within the chromosomes or other carriers of heredity. 
Demonstration that resistance markers behave as point mutations has been 
advanced in bacterial strains amenable to sexual crossing (27, 28, 29) and is 
strong presumptive evidence of a similar mechanism in mycobacteria. The sig- 
nificance of prolonged adaptive changes in drug susceptibility, if any, cannot be 
assessed from the type of investigation herein presented. 


SUMMARY 


Using the “‘gradient-plate”’ technique (3), strains of Mycobacterium ranae were 
selected, almost completely resistant in a single step to streptomycin, isoniazid, 
and chloramphenicol; highly resistant to licheniformin B, mycomycetin, vio- 
mycin, vinactin, neomycin, and catenulin; moderately resistant to illudin M and 
S, bacitracin, polymyxin B, streptothricin, netropsin, chlortetracycline (Aureo- 
mycin), oxytetracycline (Terramycin), thiolutin, PA-89, and penicillin; and 
slightly resistant (two to four times) to circulin, para-aminosalicylic acid (PAS), 
and iproniazid. No increase in resistance was noted after growing M. ranae in the 
presence of nisin, patulin, and amithiozone. 

The patterns of cross-resistance were tabulated by testing the resistant strains 
against each toxic agent, allowing the arrangement of the drugs into groups and 
comparison with previous results obtained using different bacterial species. 

The largest group consists of circulin, polymyxin B, and licheniformin (bac- 
terial polypeptides), streptothricin, vinactin, and viomycin (Actinomyces 
polypeptides), catenulin, neomycin, streptomycin, and netropsin. M. ranae, 
however, exhibits within this group a higher degree of selectivity than other 
microorganisms previously studied. The microbiologic identity of viomycin and 
vinactin is confirmed. Catenulin and neomycin are closely related but quanti- 
tatively different. Hydroxystreptomycin, dihydrostreptomycin, and strepto- 
mycin behave identically in these tests. 

The second group is composed of chlortetracycline and oxytetracycline. 

The third group consists of chloramphenicol, bacitracin, mycomycetin, and 
PA-89. Penicillin is also partially related to this group by a low degree of cross- 
resistance. Cross-resistance relationships within this group are of dubious sig- 
nificance because other bacterial species do not reveal similar relationships to any 
significant degree. 

Illudin M and 8 form a fourth group which exhibits a high degree of cross- 
resistance. 

The fifth group comprises isoniazid and its derivative, iproniazid. 

The data do not reveal any other groups of agents related by cross-resistance. 
Each of the five remaining drugs, including nisin, thiolutin, patulin, PAS, and 
amithiozone, may therefore be regarded as the sole representative of one of the 
five remaining groups (six to ten). 

Resistant strains of M. ranae do not exhibit “collateral sensitivity” (1) to 


any high degree. 
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SUMARIO 


Estudios Genéticos de la Resistencia Cruzada de los Microbios a los Agentes Tézicos: 111. 
Resistencia Cruzada del Mycobacterium Ranae a Veintiocho Agentes Antimicobacterianos 

Usando la técnica de “placa pendiente’’ (3), selecciondronse cepas del Mycobacterium 
ranae casi totalmente resistentes en un solo tiempo a la estreptomicina, la isoniacida y el 
cloranfenicol ; sumamente resistentes a la liqueniformina B, la micomicetina, la viomicina, 
la vinactina, la neomicina y la catenulina; moderadamente resistentes a la iludina M y la 
8, la bacitracina, la polimixina B, la estreptotricina, la netropsina, la clortetraciclina 
(Aureomicina), la oxitetraciclina (Terramicina), la tiolutina, la PA-89 y la penicilina, y 
ligeramente resistentes (dos a cuatro veces) a la circulina, al dcido para-aminosalicflico 
(PAS) y a la iproniacida. No se noté aumento de la resistencia después de cultivar el M 
ranae en presencia de nisina, patulina y tiosemicarbazona nicotinaldehfdica. 

Los patrones de la resistencia cruzada fueron tabulados comprobando las cepas resisten- 
tes con cada agente téxico, clasificando las drogas en grupos y comparando los resultados 
con los obtenidos anteriormente con distintas especies bacterianas 

El grupo mds numeroso comprende la circulina, la polimixina B y la liqueniformina 
(polipéptidos bacterianos), la estreptotricina, la vinactina y la viomicina (polipéptidos 
actinomicéticos), la cateculina, la neomicina, la estreptomicina y la netropsina. Sin em- 
bargo, el M. ranae manifiesta, en ese grupo, una selectividad mayor que otros microbios 
estudiados previamente. Queda confirmada la identidad microbiolégica de la viomicina y 
la vinactina. La catenulina y la neomicina son {ntimamente afines, pero cuantitativamente 
distintas. La hidroxiestreptomicina, la dihidroestreptomicina y la estreptomicina se com- 
portaron idénticamente en esos ensayos 

El segundo grupo est4 compuesto de la clortetraciclina y la oxitetraciclina. 

El tercer grupo consta del cloranfenicol, de la bacitracina, la micomicetina y la PA-89. 
La penicilina esté también relacionada parcialmente con este grupo por su poca resistencia 
cruzada. Las relaciones de resistencia cruzada con este grupo poseen importancia dudosa 
porque otras especies bacterianas no revelan relaciones semejantes en mayor gado. 

La iludina M y la 8 forman un cuarto grupo que manifiesta un grado alto de resistencia 
cruzada. 

El quinto grupo comprende la isoniacida y su derivado, la iproniacida. 

Los datos obtenidos no revelan otros grupos de agentes enlazados por su resistencia 
cruzada, por lo cual cabe considerar a cada una de las cinco drogas restantes, a saber, la 
nisina, la tiolutina, la patulina, el PAS y la tiosemicarbazona nicotinaldehidica como 
dnico representante de uno de los cinco grupos restantes (seis a diez). 

Las cepas resistentes del M. ranae no manifiestan en mayor grado ‘“‘sensibilidad colate- 


ral’’ (1). 
RESUME 


Etudes génétiques sur la résistance croisée bactérienne envers les agents toxiques. I1I. Résis- 
tance croisée du Mycobactérium ranae envers vingt-huit agents antimycobactériens 


A l'aide de la technique “gradient plate’”’ (3), des souches de Mycobactérium ranae ont 
été sélectionnée; ces souches montraient dés la génération suivante une résistance presque 
absolue envers la streptomycine, |’isoniazide et le chloramphénicol; une résistance élevée 
A la licheniformine B, mycomycétine, viomycine, vinactine, néomycine et caténuline; une 
résistance modérée A l’illudine M et 8, bacitracine, polymyxine B, streptothricine, né- 
tropsine, chlorotétracycline (Auréomycine), oxytétracycline (Terramycine) thiolutine, 
PA-89 et pénicilline; une résistance faible (deux A quatre générations) A la circuline, A l’acide 
para-aminosalicylique (PAS) et Al’iproniazide. Aucun accroissement de la résistance n’a été 
observé aprés culture du M. ranae en présence de nisine, de patuline ou d’aldéhyde nico 
tinique thiosemicarbazone. 

Il a été fait un tableau des aspects de la résistance croisée en soumettant les souches 
résistantes A des tests utilisant alternativement chacun des agents toxiques, en répartissant 


MICROBIAL CROSS-RESISTANCE TO DRUGS 


les drogues par groupes, et en comparant les résultats avec ceux précédemment obtenus 
avec des espéces bactériennes différentes. 

Le groupe le plus important comprend la circuline, la polymyxine B et la licheniformine 
(polypeptides bactériennes), la caténuline, la néomycine, la streptomycine et la nétropsine. 
Toutefois, parmi ce groupe, le M. ranae présente un degré de sélectivité plus élevé que les 
autres microorganismes précedemment étudiés. L’identité microbiologique de la viomycine 
et de la vinactine est confirmée. La caténuline et la néomycine sont étroitement apparentées, 
mais présentent des différences quantitatives. Dans ces tests l’hydrostreptomycine, la 
dihydrostreptomycine et la streptomycine se comportent de maniére identique. 

Le deuxiéme groupe comprend la chlortétracycline et l’oxytétracycline. 

Le troisitme groupe comprend le chloramphénicol, la bacitracine, la mycomycétine et 
le PA-89. La pénicilline est aussi partiellement apparentée A ce groupe par un faible degré 
de résistance croisée. Les rapports de la résistance croisée avec ce groupe n’ont qu’une signi- 
fication douteuse car des rapports similaires ne sont pas révélés A un degré significatif par 
d’autres espéces bactériennes 

L’illudine M et 8 constituent un quatriéme groupe qui montre un haut degré de résistance 
croisée. 

Le cinquiéme groupe comprend |’isoniazide et son dérivé l’iproniazide. 

Les données ne révélent pas d’autres groupes d’agents qui soient apparentés du point 
de vue résistance croisée. Chacune des cing autres drogues, nisine. thiolutine, patuline 
PAS et aldéhyde nicotinique thiosemicarbazone peut donc étre considérée comme |’unique 
représentant de l’un des cing groupes restants (six A dix générations). 


’ 


Les souches résistantes du M. ranae ne manifestent la “sensibilité collatérale’’ qu’A 


un degré peu important (1) 
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A NEW PROCEDURE FOR SCREENING ANTITUBERCULOUS AGENTS' 


Effect of Chemotherapeutic Agents on Mice Infected with Massive Doses of 
Tubercle Bacilli Intraperitoneally 
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INTRODUCTION 


During the last few years, methods for laboratory evaluation of antituberculous 
compounds have been devised and, to some extent, standardized. In methods 
employing mice, the intravenous route of infection is most often used. With this 
route of inoculation, splenic enlargement develops and macroscopic lesions are 
seen in the lung (1). The intraperitoneal route of administration was tried by 
Pierce, Dubos, and Middlebrook (2), who showed that a fatal infection develops 
but that the minimal infective dose was at least five to ten times that needed 
when tubercle bacilli are given intravenously. The results of these investigators 
and those of Donovick (3) indicate that the death rate is more variable following 
intraperitoneal injection than with intravenous injection. Experiments in this 
laboratory fully confirm the observations of these investigators. However, it was 
observed that, following intraperitoneal injection of very large doses of tubercle 
bacilli, an acute infection was induced which killed mice quickly and consistently. 
Using this type of infection in mice, a method for evaluating antituberculous 
agents was elaborated. The present paper describes this method. 


MATERIALS AND METHODS 


The culture of tubercle bacillus used was a strain of H37Rv obtained September 12, 1950, 
through the courtesy of William Steenken, Jr., of the Trudeau Laboratory. It has been 
maintained for more than 100 transfers in Dubos medium (4) with incubation at 37°C. for 
ten to fourteen days at each culture generation. 

The cultures used for infection were grown in 250 ml. Erlenmeyer flasks containing 50 ml. 
of Dubos medium. These were inoculated with 2 ml. of ten-day-old stock culture and were 
shaken gently once daily during the course of incubation (5). 

Mice of the CF, strain (Carworth Farms), weighing approximately 18 gm., were used in 
all experiments. Upon receipt of a shipment, the mice were observed for forty-eight hours, 
during which time they gained approximately 1 gm. All of the mice used in any one experi- 
ment were of the same shipment. They were placed in groups of 10 in well-bedded stainless 
steel cages having 110 square inches of floor space. Water and Wayne Fox Food were pro- 
vided by means of drinking bottles and food bins built into the wire mesh covers. The 
mice were transferred at least twice a week to fresh, sterilized cages and kept in a room con- 
tinuously irradiated by ultraviolet light. No evidence of Salmonella infection was ob- 
served during the studies 

All mice were given 2 ml. of culture intraperitoneally. The mice were restless immediately 
after the injection, and a few minutes later they were prostrate. During the first twenty-four 
hours the consumption of food and water was minimal, but increased somewhat by forty- 
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Fia. 1. Age of culture and death rate of intraperitoneally infected mice. 


eight hours. A loss of 2.5 to 4 gm. of body weight was regularly observed during this forty- 
eight-hour period. 

Treatment began after forty-eight hours and was continued for seven days. Para-amino 
salicylic acid (PAS) or amithiozone was mixed with food which was compressed into pellets 
and fed ad libitum. Isoniazid was dissolved in the drinking water; streptomycin sulfate was 
injected subcutaneously once a day. 


OBSERVATIONS 


Effect of age of culture on death rate of mice injected by the intraperitoneal route: 
Three groups of 10 mice each were injected with 2 ml. of culture intraperitoneally. 
One group received five-day-old culture; the second, seven-day; and the third, 
a ten-day-old culture. The results, which are presented in figure 1, showed that 
the age of the culture influenced the death rate of infected, untreated mice. Those 
infected with the ten-day-old culture all died within four days, while those in- 
fected with the five-day culture died over a relatively long period of time. The 
death rate of mice injected with seven-day culture was between these two ex- 
tremes, and cultures of this age were used in all further experiments. The differ- 
ences in death rates were probably a result of the number of viable bacilli injected. 
At least, no significant differences in virulence were found when equal doses of 
equal concentrations of five-, seven- and ten-day-old cultures were tested. It may 
be noted that the curves shown in figure | closely resemble those observed by 
Donovick following intravenous injection of bovine tubercle bacilli (3). 

Effect of chemotherapeutic agents in infection induced by the intraperitoneal route: 
Five groups of 10 mice each were injected with 2 ml. of a seven-day-old culture of 
H37Rv. After forty-eight hours, treatment was begun. One group received PAS 
(2 gm. per kg. of food), the second received amithiozone (1 gm. per kg. of food), 
the third received isoniazid (0.2 mg. per ml. of drinking water), the fourth re- 
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Fig. 2. Survival curves in control mice and mice with various treatments 
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ceived streptomycin (1 mg. per mouse) by subcutaneous injection once daily, and 
the fifth group served as an untreated, infected control. Treatment continued for 
only seven days. Mortality was recorded daily for twenty-four days, when the 
surviving mice were killed and autopsied and macroscopic lesions on the surface 
of the pleura, abdominal wall, and viscera were counted. 

Isoniazid treatment gave the best results. All mice of this group ate more food, 
drank more water, and gained more weight than mice of any other group. All 
survived, and when sacrificed and autopsied they had a minimum of tuberculous 
lesions. Amithiozone treatment was less effective than treatment with isoniazid 
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TABLE 2 


VistpLe Lesions at Autopsy As INFLUENCED BY Various TREATMENTS* 
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G 
NUMBER WEIGHT j 
or suR Or SUR Mesen- 
TREATMENT | vivep | vivinc Tho- | Abdo-| ter 
USED MICE Lung | racic | minal! anc Liver |Spleen | 
IN Cavity) Wall | Omen 


GRAMS tum 


id- 
Total 
neys 


Untreated control 10 


PAS 10 
Streptomycin 10 16.6 l 3 j 0 20.4 
Amithiozone 10 15.9 0 2 : 0 15.2 
Isoniazid 10 21.9 0 me Tee 0 0 6.1 


* All mice intraperitoneally infected with 2 ml. of a 7-day-old culture of H37Rv grown 
in Dubos medium. The experiment was terminated 24 days later 
t All figures are averages 


| 
| | 
| | 
| 
Y | | 
| | | | 
/ | 
/ 
A 
4 
7 
i2 — —+ —' + + + + 
CONTROL 
10 0 


284 JAN ILAVSKY 


but a little better than treatment with streptomycin. PAS treatment was least 
effective of all. All mice died before the end of the experiment, but the average 
survival time was a little longer than that of the untreated control group. 

The effects of the various treatments on the development of lesions visible at 
autopsy are shown in table 2. 

Data showing the food intake and the survival and weight curves in the various 
groups are shown in table | and in figures 2 and 3, respectively. 


COMMENT 


Several writers (2, 3) have noted that fatal infections are produced by the in- 
traperitoneal injection of tubercle bacilli, but under the experimental conditions 
used the mice died after prolonged periods and at inconstant rates. In the present 
experiments, doses of culture larger than those previously employed have been 
used. Under these conditions an acute peritonitis and generalized infection occur 
which can be influenced by known, active chemotherapeutic agents. Since un- 
treated mice die according to a normal frequency distribution curve, the method 
lends itself to use in screening for antituberculous compounds. Generally, survival 
time has been the sole criterion of activity. In the experience in this laboratory, 
the present method has several advantages: 


The treatment period is limited to seven days. The ultimate result can be estimated 
five or six days after infection. Weak or inactive compounds can be excluded within 
seven to ten days. Relatively small quantities of drugs are required. Mice with acute 
tuberculous peritonitis refuse food and water for many hours after infection, and 
this is reflected in a marked loss of weight. Reversal of the acute process by effective 
treatment is accompanied by an increase in body weight; i.e., body weight is a useful 
indicator of drug activity. Further indications of effectiveness of treatment are given 
by the distribution and number of macroscopic tubercles in the abdominal and 
thoracic cavities at autopsy on the twenty-first day of the experiment. 


Differences in the relative antituberculous effect are discernible by taking into 
account the weight curve (figure 3) and the lesion count (table 2). As judged by 
these criteria, isoniazid in the doses used appears to be more effective than strep- 
tomycin or amithiozone, and all three substances are more effective than PAS. 
If the results were judged on the basis of survival only (figure 2), amithiozone 
would be considered much more effective than streptomycin, but, according to 
the information revealed by weight changes and the lesion counts, these com- 
pounds are in the range of equal effectiveness. 


SUMMARY 


A mouse test for screening compounds with antituberculous activity is de- 
scribed which has several advantages over those currently used in which prolon- 
gation of survival time alone is one criterion. In the present method, massive 
doses of human tubercle bacilli are injected intraperitoneally in CF; mice; treat- 
ment is begun after forty-eight hours and continued for seven days. 

The experiment is followed for three weeks, during which food consumption, 
body weight, and mortality are recorded. At the twenty-fourth day, autopsy is 
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performed on the remaining mice and macroscopic lesions are counted. In an ex- 
periment with four drugs of known activity, these criteria gave better assessment 
of activity than measuring survival time alone. Compounds which have promis- 
ing activity can be separated from inactive ones after the single week of treat- 
ment. 

Using this rapid procedure, the activities of PAS, streptomycin, amithiozone, 
and isoniazid are in accord with those generally found for these compounds. 


SUMARIO 


Nuevo Procedimiento para la Tria de los Agentes Antituberculosos: Efecto de los Agentes 
Quimioterapéuticos sobre los Ratones Infectados Intraperitonealmente con Dosis Masivas 
de Bacilos Tuberculosos 


La prueba en el ratén aqui descrita para triar los compuestos dotados de actividad anti- 
tuberculosa posee varias ventajas sobre las usadas actualmente, en las que la prolongacién 
del tiempo de sobrevivencia constituye una pauta. En el método descrito, se inyectan 
intraperitonealmente dosis masivas de bacilos tuberculosos humanos en ratones CF), 
y el tratamiento se inicia al cabo de cuarenta y ocho horas, continuando siete dias 

El experimento es mantenido durante tres semanas, en las cuales se anotan el consumo 
de alimento, el peso vivo y la mortalidad. En el vigésimocuatro dia, se ejecuta la autopsia 
en los ratones restantes y se cuentan las lesiones macroseépicas. En el experimento con 
cuatro drogas, esas pautas proporcionaron una valuacién mejor de la actividad que la 
medicién del tiempo de sobrevivencia por si sola 

Usando ese procedimiento rApido, la actividad del 4&cido para-aminosalicilico, de la 
estreptomicina, la amitiozona y la isoniacida convino con la aceptada generalmente para 
dichos compuestos 


RESUME 


Un nouveau procédé pour déceler les agents antituberculeur: Action des agents chimiothéra- 
} 
peutiques sur les souris, aprés inoculation intrapéritonéale de doses massives 
de bacilles tuberculeuz 


Description d’un test chez la souris, révélateur de l’activité antituberculeuse de certains 
composés, qui présente plusieurs avantages sur les tests couramment utilisés. La prolonga 
tion du temps de survie est l’unique critére du test. Dans la méthode actuelle, des doses 
massives de bacilles tuberculeux humains sont injectés & la souris CF, par voie intrapéri 
tonéale: le traitement est commencé quarante-huit heures aprés et continué pendant sept 
jours. 

L’expérimentation est poursuivie pendant trois semaines, au cours desquelles |’apport 
alimentaire, le poids du corps et la mortalité sont enregistrés. L’autopsie des souris sur 
vivantes est effectuée au vingt-et-quatriéme jour et les lésions macroscopiques sont dénom 
brées. Dans l’expérimentation effectuée avec quatre médicaments connus, ces critéres ont 
permis une évaluation de |’activité des produits, qui est supérieure A la seule détermination 
du temps de survie. Les composés paraissant doués d’activité peuvent étre séparés des 
composés inactifs aprés cette semaine de traitement. 

Par ce procédé rapide, nous abservons que l’activité de l’acide para-aminosalicylique, 
de la streptomycine, de |’amithiozone et de l’isoniazide correspond A celle généralement 


attribuée A ces composés 
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een tor bn te t tin pontubereulou nlection of Palla 
bya he treats t antimucrobis int resolution has oes red 
t « erence | ljunte te ral ite vhether eventua ntervention 
UMMARY 
Five cases are reported umonary infection superimposed upon previou ‘ ting 
emphvse itous bulla Phres | these infections were tuberculoy The characteristic 
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An Operation for the Division of Adhesions Between Diaphragm and Liver in the 
Course of Pneumoperitoneum Treatment 
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A PURIFIED TUBERCULIN FRACTION FROM UNHEATED CULTURES 
IN TESTING BCG-VACCINATED SUBJECTS 


A Preliminary Study 
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NOTES 
ist LPProNnil te H neutralized, dia against evern ut list ei 
ter, and sterilized by filtrdiiMh, «a Mandler candle. The protein concentrati 

estimated from the nitroge——_asy the Kjeldahl method. The zine content 
2? parts per! ol 
roy n skin tests the protei 
is diluted in sterile phosphate 7 0.1 m respective 
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ecol strength dose n the left forearm at approximate 5 inche listance from the 
first-strength dose site 
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init than did PPD the BCG ciated persons. The difference would suggest that 
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ye BCG rate ‘ than does PPD). The data in table 2 ite that Fra 
PONY) te vrente ‘ ite en nduration eck 
eithe iy] PPI). t ‘ the first-strengt! ‘ 
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rABLE 1 
( |’ Di meme Reacts is \rrer I 
Nb or OFT Me PPD I > 
C‘ontro OS 62.9 25 62.5 | 6.6 S708 
LOS 55.5 is 21 27 85 78.7 
PPD 15 2.8 7 25 67.¢ 12 3.3 S461 
rABLE 2 
C‘OMPARISO \ INDURATIO Miu or P nve Tourer 
i«6™ 15 View iS Llour Arrer I RAC rANEO 
bins’ ERME » Seconp-StrRenotu OT PPD 
OS > 104 + 2. 430° 25 1s + 1.125 
\ ts S55 + 6.572" 25 Sot 1.14 
) 4 25 4 705 4 ) 
640 4 210° 44 16 + 223° 1 que 
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No mtm+2 
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mm the ais Public Health Service witl our | ection TINY othe 
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} communications. Ma Sa i June IS. 1055 
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0.00002 mg. PPD and 61 per cent reacted to 0.00002 mg. Fraction T(NY). The reaction 
to Fraction T(NY) was significantly stronger and more definite than with PPD 

My impression is that we get a better and more sharply defined edema with your 
tuberculin than we get with PPD supplied us by Doctor Seibert, and certainly better 
than with the Weybridge PPD’. . . . The local reaction to both Fraction PT(NY)' and 
Fraction T(NY) was comparable. In general the reactions to your tuberculins were 
better than to our OT and even after 96 hours your tuberculin stood out more definitely 
than OT 


These results suggest that a partly purified tuberculin of satisfactory specificity and 
high potency can be rather easily prepared from unheated filtrates by precipitation with 


zinc acetate and alcohol. The method as given is not wholly satisfactory, notably in that 
removal of C protein is incomplete. Efforts to improve the procedure are continuing 

In summary: A comparison has been made of the specificity and potency of OT, PPD, 
and a partly purified tuberculin Fraction T(NY) in healthy controls and in BCG-vacci 
nated subjects. Equivalence in positive reactions obtains between OT and Fraction T(NY), 


while PPD gave somewhat fewer positive reactions in healthy controls and significantly 
less in BCG-vaccinated subjects than either OT or Fraction T(NY). The local reaction to 
one tuberculin unit of Fraction T(NY) (0.00002 mg.) is greater and more sharply defined 
than to the equivalent dose of PPD or OT. Fraction T(NY) tuberculin would appear to 
be a more sensitive indicator of tuberculin sensitivity than PPD, especially in BCG- 


vaccinated subjects 
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EXPERIMENTS WITH A NEW CULTURE METHOD 
FOR TUBERCLE BACILLI 


Some preliminary results which were obtained with a method of digestion and decon- 
tamination of sputum for the isolation of Mycobacterium tuberculosis are presented. The 
method involves the combined use of pancreatic enzymes and quaternary ammonium 
compounds. The latter, as is well known, have a comparatively weak effect on tubercle 
bacilli in contrast to their effect on most other bacteria. 

A pancreatic preparation produced by Novo (Copenhagen) was found suitable for 
digestion. A 2 per cent (w/v) aqueous solution of the pancreatin was centrifuged and 
filtered. To the filtrate was added an equal volume of a 2 per cent solution of Desogen 
(Geigy, Basel). The fluid product of Desogen (methylphenyl-dodecyl-trimethyl-am- 
monium-methosulphate) appeared better fitted for the purpose than the one distributed 
in substance 
ammoniumchloride) and was used in this investigation. The commercial Desogen solution 
contains a small addition of perfume, but a pure product was obtained by courtesy of the 
firm. The pancreatin-Desogen solution (PD) was stored at room temperature. 

To a portion of the sputum was added an equal volume of PD, and the mixture was 
kept in 13 mm. test tubes on the desk (20° to 24°C.) for four hours in some experiments 
and for twenty-four hours in others. The temperature during the night varied from 16° to 
20°C. Then the liquefied contents were sucked up in Pasteur pipettes and blown out 
several times, after which one drop of the material was seeded onto each of 4 Léwenstein- 


Jensen slants. 
Parallel experiments were run with the sodium hydroxide method (NaOH), which 


is the routine method in this laboratory. In an extensive work'* recently, NaOH was 
found superior to three other methods of homogenization and decontamination. 

The same volume of sputum was employed with the NaOH method as with the PD 
method. After addition of 2 volumes of 4 per cent NaOH, the tubes were incubated at 
37°C. for twenty minutes, centrifuged for twenty minutes, the sediments were neutralized 
with N HCl, and 3 drops of each sediment were inoculated on each of 4 Léwenstein- 
Jensen slants. 

Since the neutralization and inoculation of the samples takes some time, there was a 
difference in the length of NaOH treatment of samples handled at the same time, amount- 
ing to a maximum of thirty to forty minutes at room temperature when many samples 
were handled. A similar, but smaller, time variation occurred in the case of the PD 
method. 

The inoculated Léwenstein-Jensen slants were incubated for six weeks. 

The size of the inoculum was slightly in favor of the NaOH method, representing 10 
per cent more sputum than in the PD method. Furthermore, centrifugation of the NaOQH- 
treated sputum would tend to concentrate the tubercle bacilli in the sediments.’ 

The results of the comparison of the two methods with respect to yield of positive 
results are seen in table 1. The difference in favor of the PD methods may be considered 
statistically significant. Probably there is a positive correlation between the two methods 
since a number of specimens contain so many tubercle bacilli that they are sure to give 


' Monthly Bulletin, Ministry of Health Service, 1952, 11, 187 

* Lancet (editorial), 1952, 2, 723 

* Kier, G. C., Maurz, M., Comminas, M. M., anno Fisn, C. H.: Am. J. Clin. Path., 
1952, 22, 581 
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TABLE 1 


CuLtivaTIon oF M. Tupercu.osis rrom Sputum Arter TREATMENT WITH PANCREATIN- 
Desocen (PD) anp NaOH 


Incubation Time with Pancreatin-Desogen for Four Hours (661 Samples) or for Twenty- 
Four Hours (230 Samples) 


SPECIMENS POSITIVE FOR 
M. TUBERCULOSIS DIFFERENCE BE- STANDARD a 
TWEEN RELATIVE ERROR OF THE 
TEMPERATURE - — 
wits PD Both PD | | , 
Total methods only only Pep ~ Praon “4 
b) c) 


HOURS AT ROOM 


167 38 0.0473 2.56 


24 63 31 j a 0.0896 3.28 


* The following formulas were used in calculating the standard error of the difference 
and the quotient K which is the difference between the relative frequencies measured in 
the standard error units: 


b 


qpp = 1 Ppp, & + C, 
a+b 


c= P = & + b, Ppp = 
D 


2 
= oni. = 1 — Velo + 


atc 


TABLE 2 
FREQUENCY OF CONTAMINATION Two DiFrFrERENT HOMOGENIZATION 
PROCEDURES 


NUMBER OF SLANTS ‘ STANDARD 
DIFFERENCE: ERROR OF THE 


METHOD — 4-=a- 
Contami- esp. c — d. 


Total nated Slants 
PD, 4 hours, room tem- (a) 2,644 469 
perature 


NaOH 


PD, 24 hours, room tem- 
perature 


NaOH (d) 920 


positive results by both methods. If that is so, the true standard errors of the differences 
will be smaller than those computed. This would mean that the differences are actually 
more highly significant than is shown by the computations used. 

Furthermore, the growth of tubercle bacilli seemed to occur earlier when the PD method 
was used. 

In table 2 it may be seen that the PD method used at room temperature for twenty- 
four hours gave fewer contaminated slants than did the NaOH method, a difference 
which is near to a level of significance. On the other hand, it seems that the lower con- 
tamination rate with the NaOH method compared with the PD method used for four 


4 
a 
74 26.87 2.75 
} (b) 2,644 395 
159 
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hours is statistically significant. However, with the PD method used for twenty-four 
hours and for four hours, 6.74 per cent and 5.84 per cent, respectively, of the slants showed 
minor or larger erosions of the surface without any visible contamination, probably due to 
enzymatic digestion. The erosions did not appear to interfere with the growth of the 
tubercle bacilli or the reading of the results. 

The favorable results of the PD method used for twenty-four hours at room tempera- 
ture suggest the possibility of addition of the digestor at the place of collection of the 
sputum, enabling the laboratories to make direct inoculations from the received specimen 
containers. Experiments are conducted along such lines 

Experiments are also carried out at different temperatures and by using buffered solu- 
tions of pH 8 to 9, near the optimum for the pancreatic digestion. It is well known that 
many quaternary ammonium compounds have a greater germicidal effect at an alkaline 


than at a neutral reaction 

Some of the more viscous sputum specimens were not quite homogenized by the PD 
method, especially after four hours. The sucking through a Pasteur pipette prior to the 
inoculations, however, broke down clumpy material 

The PD mixture has been used for two weeks after preparation. Adequate digestive 
power is maintained, although a certain loss of the enzyme activity seems to occur. A few 
experiments indicate that the digestive power of the solution is satisfactory also after 


storage for one month 

It seems that the digestive power of pancreatin is increased by addition of quaternary 
ammonium compounds 

Experiments with various quaternary ammonium compounds are being carried out. The 
compounds vary with respect to their effect on contaminants and on tubercle bacilli. 
Compounds other than the one here reported might be used with advantage. 

The method described is time saving and very simple. 

It seems that the risk of laboratory infection would be reduced with this method, 
because fewer manipulations are required. The neutralization and centrifugation proce- 
dures of the NaOH method are eliminated. It might seem practicable to conduct the PD 
method directly in the universal containers in which the sputum specimens are received. 
In consequence, the PD method will be carried out in a more closed system than the 
NaOH method. However, the final evaluation of these aspects of the method will have 
to wait until it is known whether the sensitivity of the method will be increased by cen- 


trifugation. 
A more detailed report on the subject will be given elsewhere in due time.‘ 


BACTERIOLOGICAL DEPARTMENT Routr SaAxHoLM 


Srate InstirutTe ror Pusiic 
Osto, NORWAY 


July 6, 1953 

‘A further experimental series has shown only about equal results with the NaOH and 
PD methods. This apparent deterioration of the PD results is not statistically significant 
at the 5 per cent level and may be due to chance, but the possibility should be considered 
that the method might be unfavorably influenced by unknown variable factor(s). A study 


of several variable factors is in progress. 


| 


POSITIVE M. TUBERCULOSIS CULTURES OBTAINED BY INCUBATION 
BEYOND THF NORMAL SEVEN- OR EIGHT- WEEK PERIOD 


Following the Twelfth Veterans Administration-Army-Navy Conference on the Chemo- 
therapy of Tuberculosis, a revision of the diagnostic laboratory methods was pub- 
lished by the Subcommittee on Laboratory Methods.' A statement in Section II of this 
revision, concerning the incubation time, prompted this analysis to determine the import- 
ance of prolonged incubation with reference to routine sputum and gastric specimens. It 
has been the policy of this laboratory to incubate all cultures for an indefinite period 
limited only by incubation space. 

In an analysis of 10,000 cultures of possibly tuberculous material, 3,457 (34.6 per cent) 
were reported as positive for M. tuberculosis, 5,993 (59.9 per cent) as negative, and 550 
(5.5 per cent) lost through contamination and laboratory accidents during the normal 
seven-week incubation period. All negative cultures were held for continued incubation 
Forty-five (0.75 per cent) of this negative group became positive for M. tuberculosis during 
the period ranging from nine to twenty-four weeks of cultural incubation (table 1) 


TABLE 1 


WEEKS OF INCUBATION 


Number of cultures 
positive for M. tu- 
berculosis 


Forty-two patients were represented by the 45 “late-positives.’’ Specimens from 3 


patients yielded “late-positives” on two occasions. All had received one or more of the 
antituberculous drugs for their disease. The materials submitted were 42 specimens of 


sputum and 3 of gastric washings. Stained preparations for acid-fast bacilli were made on 


the sputum specimens; 31 were reported as negative, and 11 as positive, for acid-fast 
bacilli. 

No significant trend could be attributed to any specific drug or combination of drugs. 
However, with one exception, all “‘late-positive” cultures were from specimens received 
during the post-therapy period. Drug-susceptibility studies of the isolated organisms were 
consistent with previously reported susceptibilities. Cultures of M. tuberculosis which 
appeared within the normal seven-week incubation period were previously, and have been 
subsequently, isolated from specimens collected from these same patients 

It is probable that the extended incubation of routine specimens is of minimal import- 
ance for the following reasons. 

In no instance was the “late-positive’’ culture of M. tuberculosis of diagnostic 
value: positive cultures were isolated consistently from the same patients during 
the normal incubation period from other specimens. 

The drug-susceptibility studies were comparable to previously reported sus- 
ceptibilities from the same patients. 

! Diagnostic laboratory methods as revised following the Twelfth Veterans Administra- 
tion-Army-Navy Conference on the Chemotherapy of Tuberculosis, Atlanta, Georgia, 
February 9-12, 1953 
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TOTAL 
9 iC il 12; 13) 14 | 17 18 | 19 | 21 22 | 23 | 24 | 25 POSI 
TIVE 
| 
1 45 


NOTES 


The method of handling and adequacy of the specimen are more important 


than the extension of incubation time. 


tESEARCH AND DeveLormeNntT BraNcu O. P. Howarp 
Firzsimons Army Hospirau Joun Hecke. 


Denver 8, CoLtorapo Hevten P. Lyncu 


August 20, 1953 
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Books 


Symposium oN Coat MIner’s Pneumocontosis. Pp. 95, The Golden Clinic, Memorial 
General Hospital, Elkins, West Virginia, 1952. 


The subject matter of this book is both timely and important, not only from the aca- 
demic, but also from the practical, point of view. The topic is of academic interest chiefly 
because the condition has been rather recently described and is thought by some to be 
caused specifically by exposure to coal dust and to be unrelated in its etiology and patho- 
genesis to silicosis or other forms of pneumoconiosis. The topic is of practical interest 
because it raises new problems concerning compensation and employment of persons 
exhibiting evidences of the condition. 

The book presents a series of six lectures given by five individuals at a symposium held 
in November of 1952. The casual reader, wondering what is meant by the term “coal 
miners’ pneumoconiosis,” will be able to extract its significance by careful reading of the 
book. However, not one of the speakers attempts a concise definition. The general lack of 
concise and strict definitions of various terms used in this field is also apparent in the book 
since one and the same author is found using the terms “silicosis’’ and “‘pneumoconiosis”’ 
interchangeably at one point, and as having distinct meanings at another point in the same 
lecture. 

The student of pneumoconiosis may expect to find in this book demonstrations of the 
reality of a specific condition occurring in coal miners and of its significance. Here the book 
is lamentably inadequate since none of the many illustrations and tabulations of data 
presented in the lectures are reproduced in the book. It is thus impossible for the reader 
to review, analyze, and evaluate objective findings. This reviewer realizes the practical 
problems of size and expense in publishing books of this type, but believes that key tables 
and illustrations are essential and should have been included at any cost. It would be 
desirable also to include references to the literature when previously published commun- 
ications are quoted. 

As presented by one speaker, coal miners’ pneumoconiosis develops gradually and passes 
through at least three stages as follows: first, focal accumulation of dust, especially at the 
points of branching of terminal bronchioles; second, the development of focal emphysema 
at such sites of localization. It is noted that fibrosis is inconspicious or absent in these two 
stages but, in the third and final one, conglomerate fibrous masses occur, usually in the 
upper lobes, with extensive emphysema elsewhere. It is indicated that these stages can be 
distinguished roentgenographically. The fibrotic masses are attributed to the presence of 
infection in addition to the dust, and it is suggested that the infection is probably tuber- 
culous. The occurrence of disability resulting from pulmonary damage is stressed, but it is 
not clearly indicated whether such disability is of significant degree in the first two stages. 

The most startling concept presented in the book is that of Dr. Hugh-Jones of the 
British West Indies, who suggests that the emphysema in coal workers’ pneumoconiosis is 
different from spontaneous emphysema as it occurs in non-miners. His statement in this 
connection follows: 


But what is so interesting is that, on the whole, the residual air itself remains rela- 
tively constant in coal workers’ pneumoconiosis. What is happening is that the total 
lung volume is falling. That is in contrast to the cases of emphysema we got from 
London, who had a marked rise in residual capacity. They also happened to have 
a large total lung volume, though the percentage is still markedly raised. Thus, 
you can get a change in the percentage of residual air for two reasons: either the 
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total capacity gets smaller or the residual air gets larger. It does seem to me to be 
confusing to make the two changes synonymous with ‘“‘emphysema’’. 

This reviewer cannot allow these statements to go unchallenged. Let us assume that a 
lung has a certain total volume and a certain residual air. Let us now consolidate one lobe 
of that lung, for example, by filling it with paraffin. This procedure would simulate in 
certain respects the massive fibrotic stage of coal miners’ pneumoconiosis. It is obvious 
that the total lung volume will be decreased by the volume now occupied with paraffin. It 
should also be clear that the residual air will be similarly decreased by the volume of that 
air which previously would have been present in the now consolidated tissue. Since, in the 
coal worker, the residual air does not decrease but remains constant as the massive fibrosis 
consolidates the upper lobes, it appears to this observer that the trend toward increasing 
residual air is present in the emphysema associated with coal workers’ pneumoconiosis 
even as it is in spontaneous emphysema. It seems, therefore, that in conditions of this 
type attention should be paid to the relationship between residual air and total lung vol- 
ume rather than to the absolute quantity of residual air 

In summary, it may be said that the rather casual reader seeking a general conception 
of coal miners’ pneumoconiosis should find this beok useful. The student of pneumoconio- 
sis, seeking evidence concerning the etiology, pathogenesis, and clinical significance 
(disability) of coal workers’ pneumoconiosis, will be disappointed. 


C. Pratr 
Saranac Lake, New York 


Aspects oF THE PsycHoLocy or THe TusercuLous. By Gordon F. Derner. Pp. 119, Paul 
B. Hoeber, Inc., New York, 1953, Price $3.50. 


This short monograph describes in nine chapters and 117 pages the efforts of the author 
to determine whether or not there is something special about the behavior of people who 
have tuberculosis. He is also attempting to learn more about their reactions to their illness 


and to hospitalization 

The method used consists of subjecting the patients to a series of standard psychometric 
tests and additional tests especially designed for this study. Most of the chapters of the 
book are devoted to the details and results of the tests. The author was unable to find any 
common denominator in the patients with tuberculosis other than the disease itself, and 
no definite statement can be made which would lead one to suspect that there is something 
special about the personality structure of patients with tuberculosis. Throughout the 
work no serious attempt was made to correlate periods of stress in the patient's life with 
the onset of the illness, although some of the patients seemed to be aware of this correla- 
tion. The work points up the futility of pursuing this problem and allied problems with the 
method of multiple psychometric tests as in common use today. This method has not been 
successful in the past and, indeed, there is little reason to believe it will continue to be any 
more successful than it has been. 

Perhaps one of the reasons for the failure of this technique of facing the patient with 
multiple psychometric tests is that the person who is conducting the test has (/) failed 
to ask himself any questions, and (2) has failed to understand the holistic point of view— 
that is, the individual is reacting to a situation and that his adaptation is in some way 
linked with his resistance to tuberculosis. It is somewhat surprising that the author has 
failed to indicate the notions of René Dubos on this subject 


Wituam J. Grace 
New York, New York 
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Tae or THE TUBERCLE By William F. Drea and Anatole Andre- 
jew, with a foreword by Esmond R. Long. Pp. 448, Charles C Thomas, Springfield, Illinois, 
1953, Price, $12.50. 


Though recognizing full well the difficulties inherent in writing a book dealing solely 
with the metabolism of the tubercle bacillus, the reviewer must express disappointment in 
the present volume. 

It is a reasonably safe assumption that, if one were asked to list the most significant 
recent developments concerned with the metabolism of the tubercle bacillus, the effect of 
p-aminosalicylic acid on the growth and metabolism of the organism would be high on the 
list. It is, therefore, surprising that, in The Metabolism of the Tubercle Bacillus, one looks 
in vain for any mention of this compound. Unfortunately, this is not the only such omis 
sion. A great deal of emphasis is placed upon experiments performed between 1920 and 
1938. These data are reported uncritically, and no attempt is made to evaluate them in 
terms of more modern techniques. For example, earlier work dealing with mineral re- 
quirements almost certainly needs revision in light of present-day knowledge of trace 
metal requirements. It is difficult to believe that phosphorous, sulfur, magnesium, and 
potassium satisfy the essential mineral requirements of the organism. 

The introductory pages of the chapter on enzymes appear out of place in a volume such 
as this. This loose consideration seems to obfuscate rather than clarify. Similarly, the 
derivation of formulas for determining Warburg flask constants would seem to be outside 
the purview of the present volume, and rather left to standard volumes on technique. 

One wonders also about the value of discussing in considerable detail the beautiful, but 
frequently reviewed, methodology and results of R. J. Anderson and associates. Would not 
a simple summary of results and discussion of the implications here have been sufficient? 

However, the chief weakness of the present volume is the superficiality with which the 
authors discuss the metabolism of the organism. The pages dealing with the respiratory 
and enzymatic activity of the mycobacteria are merely an uncritical compilation of 
published data, with no attempt at interpretation or evaluation in terms of comparative 
biochemistry. 

In the reviewer’s opinion, another serious fault of the volume lies in the fact that the 
authors desired to “‘. . . prepare a useful book for the greatest possible number of investi- 
gators in tuberculosis (physicians, bacteriologists, immunologists, histologists, and so 
forth) and not solely for some specialized biochemists ...” (authors’ preface). One can 
sympathize with this aim, indeed devoutly hope for its consummation; but such an 
attempt may, as in the present volume, eventuate in a book of only limited value to 
workers in any one of these areas. 

It should be pointed out that there are solid sections in the book. The imaginative work 
of Drea and associates on depth growth of tubercle bacilli is beautifully described. Some 
sections on tuberculoprotein are interestingly and informatively written. 

As one reads the volume, one becomes increasingly aware of the tremendous gaps in our 
knowledge of the intermediate and intimate metabolism of the tubercle bacillus. Perhaps 
the time has not yet come for a volume of this sort; perhaps not until the “specialized 
biochemists” investigate in greater detail the metabolism of the wonderfully complex 
puzzles we call mycobacteria can we look for a book on metabolism useful ‘for the greatest 


number of investigators in tuberculosis.’ 


Arruur K. Saz 
Bethesda, Maryland 
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CHLOROPHYLL IN Mepicine. Pp. 53, Rystan Company, Inc., Mount Vernon, New York, 
1953 

Resprratory Diseases aND ALLERGY. By Josef 8. Smul. Pp. 80, Medical Library Com- 
pany, New York, 1953, Price, $2.75 

Livine with A Disanitiry. By Howard A. Rusk and Eugene J. Taylor, in collaboration 
with Muriel Zimmerman and Julia Judson. Pp. 207, The Blakiston Company, Inc., 
Garden City, New York, 1953, Price, $3.50. 

Tupercuuin Patcu Test Survey AMONG KINDERGARTEN AND First-Grape CHILDREN 
Pustic Etementary Scnoois, Queens County, New York. Pp. 6, Queensboro 
Tuberculosis and Health Association, 159-29 90th Avenue, Jamaica 2, New York. 

Trepoine Tecunique or Bone Marrow Inrusions anp Tissve Biopsies. Sixth Edi- 
tion. By Henry Turkel. Pp. 78, Trephine Instruments, Inc., Detroit, Michigan, 1952. 


American Trudeau Society 
Medical Section of the National Tuberculosis Association 


Report of the Committee on Therapy to the Committee on Medical Research, 
October 14-15, 1953 


The Committee on Therapy of the American Trudeau Society met at the Hotel New 
Yorker, New York, N. Y., on October 12 and 13, 1953. All members were present, viz., 
Dr. Robert H. Ebert, chairman, Dr. Paul Chapman, Dr. Raymond F. Corpe, Dr. Robert 
A. Goodwin, Dr. Roger 8. Mitchell, Dr. Carl Muschenheim, Dr. Edward F. Parker, Dr. 
Morris C. Thomas, and Dr. Robert L. Yeager. Since the composition of the Committee 
was largely new, a major portion of the meeting was devoted to consideration of new 
topics for study. 


1. Preparation of a Manual on Pembine-type Conferences 


The success of the Pembine Conference has attracted much attention, and conferences 
of the Pembine type have been inaugurated in many parts of the country. Some groups 
have been interested in starting such conferences, but have been uncertain as to the 
methods and procedures that shculd be used. To help such groups, the Committee on 
Therapy has undertaken the preparation of a guide for the planning of a Pembine-type 
Conference. Dr. Morris Thomas presented a preliminary draft of a manual for considera- 
tion by the Committee, and members were asked to send him comments and criticisms 
before November 15, 1953. It was the consensus that the manual should be mimeographed 
and made available through the central office of the American Trudeau Society to those 


interested. It was suggested that after completion an announcement could be made in 
the American Trudeau Society News Letter that such a manual had been prepared. 


2. Tuberculous Meningitis 


Tuberculous meningitis remains a formidable disease in spite of advance in therapy. 
Last year’s Committee thought that a statement should be written offering a guide to 
the physician who treats an occasional case of meningitis. A preliminary statement pre- 
pared by last year’s Committee was reviewed, and Dr. Chapman was asked to revise 
the statement with instructions to give a more critical review of all aspects of the problem. 


3. Tuberculous Lymphadenitis 


Tuberculous lymphadenitis is seen often enough to present a problem in therapy; yet 
there seems to be little agreement as to the best methods of treatment. It was decided to 
pool the knowledge of the Committee, and each member was asked to prepare a summary 
of his recent experiences in the treatment. of this form of tuberculosis for presentation at 
the next meeting. Dr. Muschenheim consented to review the recent literature on the 
subject. 


4. Tuberculosis of the Eye 


There appears to be similar confusion concerning treatment of tuberculosis of the eye. 
Dr. Mitchell offered to review the literature on the subject and evaluate the problem for 
the Committee. 

313 


314 AMERICAN TRUDEAU SOCIETY 


Bed Rest and Ambulatory Chemotherapy 


Some of the difficulties inherent in the problem of evaluating the role of bed rest in the 
treatment of tuberculosis were discussed. It was thought that the Committee should 
prepare a statement on the subject of bed rest in patients receiving chemotherapy even 
though the data are incomplete. Dr. Yeager consented to prepare such a statement. 


6. Surgery 


The pros and cons of resection of residual pulmonary lesions were discussed, and it 
appeared that no definite decision could be made about the merits of resection until more 
time had elapsed and more was known about the bacteriology of the acid-fast bacilli 
present in these necrotic lesions after prolonged chemotherapy. Dr. Corpe was asked to 
prepare a statement which would outline the dilemma and which would also re-emphasize 
the valuable role of surgical collapse in the treatment of pulmonary tuberculosis. 


7. A Filmstrip on Chemotherapy 


The Committee believed that there is need for a filmstrip on chemotherapy for the 
education of tuberculosis patients and recommends that such a film be made. Such a film 
should particularly emphasize the need for continued long-term chemotherapy and the 
dangers of interrupted treatment. 

Dr. Mitchell suggested this topic and told the Committee that Dr. Arthur Hellwig, 
who makes Hellwig PAS products, might be interested in paying for such a filmstrip 
made under the auspices of the American Trudeau Society. 


8. Tuberculosis in Children 


Correspondence from Dr. Walcher was read concerning the lack of interest of pediatric 
societies in tuberculosis. Dr. Walcher asked in his letter for “comments on the advisa- 
bility of attempting to initiate a movement through one of the pediatric organizations, 
thereby integrating and coordinating some of our efforts and thoughts on the entire 
problem of tuberculosis in children.” 

The Committee thought that Dr. Walcher’s plan should be given every encouragement 
and suggested names of persons who might be interested in promoting such a program. 
The Committee on Therapy also believed that the Program Committee might encourage 
interest on the part of pediatricians by judicious planning of the annual program. Simi- 
larly, the suggestion was made that more emphasis should be placed on extrapulmonary 
tuberculosis in future programs so that the interest of orthopedists, urologists, and other 
specialists who treat tuberculosis might be stimulated. 


9. Meeting with Laboratory Subcommittee 


A joint meeting was held with the Laboratory Subcommittee in the evening of October 
12. The problem of avirulence of isoniazid-resistant bacilli was discussed and material 
was presented which indicated that avirulence for one host (e.g., the guinea pig) did not 
necessarily mean avirulence for another host (e.g., the mouse). Evidence was presented 
that patients from whom isoniazid-resistant tubercle bacilli can be recovered may relapse 
or die while on therapy. This does not mean that isoniazid therapy should be stopped if 
resistant organisms are recovered from the sputum. But it does indicate that isoniazid- 
resistant organisms can be virulent for the human host, even though avirulent for the 


guinea pig 
The Committee on Therapy adjourned at noon October 13 and plans to hold its next 
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meeting in St. Louis on February 6 or 7, 1954, just before the Thirteenth Veterans Ad- 
ministration-Army-Navy Chemotherapy Conference. 
Respectfully submitted, 
CHAPMAN 
Raymonp F. Corre, M.D. 
Rosert A. Goopwin, Jr. 
Rocer 8. 
MuscHeNHEIM 
Epwarp F. Parker, M.D. 
Morris C. Tuomas, M.D. 
Ropert L. Yeacer, M.D. 


Rospert H. Esert, M.D., Chairman 
Committee on Therapy 


Report of the Laboratory Subcommittee to the Committee on Medical 
Research, October 14-15, 1953 


The Laboratory Subcommittee of the Committee on Medical Research met at the 
Hotel New Yorker, New York, N. Y., on October 12, 1953, beginning at 3:00 p.m. A 
joint session was held in the evening with the Committee on Therapy. Dr. Ebert, chair- 
man, will report on the deliberations at the joint session. 

All members were present for the meetings. The following is a report of the discussion: 

1. The Subcommittee wishes to reaffirm a statement previously made, viz., that most 
of the mutants of tubercle bacilli which are highly resistant to isoniazid in vitro are non- 
pathogenic for guinea pigs under certain experimental conditions, but that, on the other 
hand, there is no clinical evidence that such strains are nonpathogenic for human beings. 

2. Some isoniazid-resistant mutants of tubercle bacilli are highly pathogenic for 
guinea pigs 

3. The Subcommittee urges that more extensive studies be made of the pathogenicity 
of different isoniazid-resistant mutants of tubercle bacilli in different species of experi- 
mental animals. 

4. Some isoniazid-resistant mutants of these organisms, although proved nonpatho- 
genic for guinea pigs, have been found, nevertheless, to possess significant pathogenicity 
for at least one strain of mouse. 

5. The Subcommittee would point out that inadequate data are available concerning 
the possible loss of virulence of tubercle bacilli when they become resistant to other indi- 
vidual chemotherapeutic agents or combinations thereof, or concerning the spontaneous 
loss of virulence of these organisms in untreated patients. 

6. Studies also are needed on strains of mycobacteria which are associated with gran- 
ulomatous disease in human beings but which are avirulent for the guinea pig and are in 
other respects not bacteriologically classifiable as tubercle bacilli. 

Respectfully submitted, 
Myron W. FisHer 
Meyer R. LicHTEeNsTEIN 
Cuar.es E. 
Kornew L. TeRPLAN 
EMANUEL WOLINSKY 
Drran YEGIAN 


GARDNER M.D., Chairman 
Laboratory Subcommittee 


NOTES 
POSTGRADUATE COURSE IN THE MEASUREMENT OF PULMONARY FUNCTION 


A postgraduate course in the measurement of pulmonary function in health and dis- 
sase will be held for physicians in the New England area at Boston City Hospital, March 
22-26, 1954, under the sponsorship of the American Trudeau Society, in cooperation 
with the Massachusetts Tuberculosis and Health League, Harvard Medical School, 
Boston University School of Medicine, and Tufts College Medical School. 

The course is being held for the purpose of presenting the fundamental concepts and 
methods of analysis of normal and abnormal physiology of the lungs in a manner which 
can be readily understood by physicians unfamiliar with this type of chest work. Appli- 
cations and more detailed information may be obtained from Edward J. Welch, M.D., 
chairman, ATS Regional Committee on Postgraduate Courses, 1101 Beacon Street, 


Brookline 46, Mass. 


ANNOUNCEMENT OF THE TRUDEAU SCHOOL OF TUBERCULOSIS FOR 1954 


Fortieth Annual! Session 


The Trudeau School of Tuberculosis will present its fortieth annual session, beginning 
Tuesday, June 1 and concluding June 25. The course will cover all aspects of pulmonary 
tuberculosis and also certain phases of other chronic chest diseases including those of 


occupational origin. 

The schedule for the 1954 course is in preparation, but copies of the program for 1953 
are available 

Inasmuch as registration is limited and reservations have already been requested for 
the 1954 session, it is suggested that those who plan to attend make early application for 
enrollment 

The tuition fee is $100, payable to the Trudeau School on or before the opening date, 
June 1, 1954. A few scholarships are available for those individuals who can qualify. The 
Trudeau School of Tuberculosis has been approved for training of Veterans under Public 
Laws, and those desiring to obtain Veterans’ benefits should clear their registration with 
the Veterans Administration before the session begins. 

Communications should be addressed to: Secretary, Trudeau School, Saranac Lake, 


New York. 


317 
/ 


THE AMERICAN REVIEW OF TUBERCULOSIS 


instruments for 
cardiac surgery 


| GIANNINI-CONKLIN COMMISSUROTOMY KNIFE 

Th 2313 
hese new instruments are Incision of both commissures without changing 
knives or turning the hand——less danger of 
examples of the well-known tearing the auricle. Toughest commissures cut 
with minimum sticking or tearing of tissue 


JAMISON CARDIAC NEEDLE HOLDER 
could be achieved only by Th 2152 straight, Th 2153 curved 


Long, slender, delicately balanced, yet un 


master craftsmen. Always made usually sturdy in construction. Permits maxi 
; mum visibility. Holds needle securely under 


Pilling excellence. Such “feel” 


to the designer's original and complete control —“finger-tip feeling” 
DAVIS PULMONARY ARTERY CLAMP 
Th 2204 

instruments are often copied Long, non-crushing jaws. Handle angled so 

that fore eps lie outside thoracic cavity, out of 
surgeon's way. Light weight. Also useful in 
mitral commissurotomy and portacaval 
anastomoses 


exact specifications, Pilling 


but never duplicated. 


PILLING SPECIALIZED INSTRUMENTS CAN BE OBTAINED ONLY FROM PILLING—-ORDER DIRECT 


GEORGE P. & SON CO. 


3451 WALNUT STREET PHILADELPHIA 
HEADQUARTERS FOR INSTRUMENTS FOR THORACIC SURGERY 
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Fortieth Session: 


AT SARANAC LAKE, N. Y 


In June, 1954 


Four Weeks, Course Beginning 
JUNE IST 


Schedule of Instruction includes the history, etiology and epidemiology ; 
pathology, bacteriology, physiology and biochemistry; clinics and 
bedside teaching, including surgical and special treatments; fungus 
infections; pneumoconioses; pulmonary tumors, and differential di- 
agnosis of other lung disorders. 


Clinical Facilities Available: Trudeau Sanatorium, Ray Brook State 
Hospital, Stony Wold Sanatorium, Will Rogers Memorial, Sana 
torium Gabriels, V. A. Hospital at Sunmount, N. Y., and the 
General Hospital of Saranac Lake (chiefly surgical). 


Research Facilities Available: Saranac Laboratory; Trudeau Labora 
tory; Phy siology and Bio hemistry Laboratories; Ray Brook State 
Hospital Laboratory, and the X-Ray Laboratories of Trudeau, Ray 
Brook and Stony Wold Sanatoriums. 


Lectures, Demonstrations and Conferences conducted by the Stafis and 
other experien ed local clinicians. By invitation, recognized authori 
ties give lectures on specific subjec ts. 

Students Participate Actively in the study and discussion of cases. 

Kee for Four Weeks’ Course is $100.00. The Trudeau School has been 
approved for training under Public Laws, and those desiring such 
an arrangement should clear their registration with the Veterans 
\dministration before the session opens. The class is limited, there 
fore early application is advised. A few scholarships are available. 


Vote: Since 1939 the Trudeau School has been supported by grants 
from the Lillia Babbitt Hyde Foundation, of which Mr. Charles C. 
Harris is President. 


For Schedule and other information write to 


Secretary, TRUDEAU SCHOOL, Saranac Lake, N. Y. 
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WViomycin 
Sulfate 


“a third potent tuberculostatic agent” 


now availableas Wimactan e 
Sulfate 


Viomycin Sulfate Ciba 


e Active even when bacillary resistance to 
streptomycin or isoniazid has developed 


e Side effects rare and generally mild in thera- 
peutic dosage 


e Especially recommended in combination 


with PAS 
Supplied as sterile vials: The equivalent of 1 


manatee Ge Gram viomycin base as the sulfate. 


Ciba Research 1. Hobby, G. L., Lenert, T. F., Rivoire, Z. C., Donikian, M., and Pikula, D.: 
Am. Rev. Tuberc. 67:808, 195 


Detailed literature sent on request of physicians 


Ciba Pharmaceutical Products, Inc., Summit, N. J. 
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chest x-ray 
patients 
on admission- 


Make this step for- 
ward by adding the 
Powers Magazine 
Cassette to your 


present equipment. 


X-Ray Paper for the 
Magazine Cassette 
comes in conve- 
nient rolls—perforated so that radio- 
graphs are individually processed with 
standard equipment and chemicals. One 


roll makes 50 full size radiographs. 


You can avail yourself of 
this equipment without 
Write for 


complete information and 


investment. 


0.8. 


alll 


ISLAND, N 


literature. 


POWERS X-RAY 
PRODUCTS, INC. 


SiR 


GLEN COVE, LONG 
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TUBERC] 


POSITIONS AVAILABLE 
AND WANTED 


RATE $3.50 per insertion for 25 words or less; additional 
words—15 cents each. Bold face semi-display $5 00 per in- 
vertion for 25 words or less; additional words—20 cents 
each. Bot number—75 cents extra. Employment Bu- 
reaus—¢10.00 per column inch. Remittance should ac- 
company copy and he sent to: American Review of 
Tuberculosis, 280 Madison Ave., New York 16, N.Y. 
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on TUBERCULOSIS and ALLIED DISEASES 


@FUNDAMENTALS OF PULMO @DIAGNOSTIC AND EXPERIMEN. @TREATMENT OF RESPIRATORY 
NARY TUBERCULOSIS AND ITS TAL METHODS IN TUBERCU EMERGENCIES INCLUDING BUI 
COMPLICATIONS. LOSIS K W BAR POLIOMYELITIS. Hy | ‘ 
M.D)., North ¢ tori MD. N 
\ Martin M. M 


@THE METABOLISM OF THE Tt 
BERCLE BACILLUS. By W 
‘ @®THE LUNG 
W ~ M 
@THIS IS YOUR WORLD. 
Wilmer, M.D, San M nt 


@TUBERCULOSIS AMONG CHII 
DREN AND ADULTS 


@THE TECHNIQUE OF PULMO 


@LUNG ABSCESS NARY RESECTION 
dese ribye t By t, MD 


@RADIOLOGIC EXPLORATION OF 
@THE CHEST AND THE HEAR? THE BRONCHUS. sy 8. Di Rie 
Art M M M.D. Us Arg 
Mel M 
@PNEUMONIA 
\ 


\ 


OTHE PATHOGENESIS OF TUBER @CYTOLOGIC DIAGNOSIS OF @THE ALLERGIC PATIENT AND 
CULOSIS LUNG CANCER. ‘ HIS WORLD. 


CHARLES C THOMAS e PUBLISHER 
SPRINGFIELD ILLINOIS 
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‘PASMED' SODIUM 


INTERMEDICO BRAND OF 


‘SODIUM PARA AMINOSALICYLATE 
TABLETS 0.5 GM. 


NOW AVAILABLE 


TABLETS PASMISON 
Each BUFFERED tablet combines 
SODIUM PARA AMINOSALICYLATE 0.5 GM. 
and ISONIAZID 12.5 MG. 


Write for samples and literature 


INTERMEDICO CORP. 


118 CHERRY LANE, FLORAL PARK, N.Y. 


EMERSON 


LUNG IMMOBILIZER 


In the “equalizing pre 
Alvan L. Barach 
‘ completely i 
ilternation of air Ss 
ind 60 mm. Hg) produces effective 


ventilation. This total lung rest has been { 


ms 0 
Addressing 
Dr. A 
Wisconsin presente 


vuivanced case 
William Groafe 
have reported resul 


J. H. EMERSON CO. 


22 Cottage Park Ave., Cambridge 40, Mass. 
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A Purified Tuberculin Fraction from Unheated Cultures in bars. BCG-Vaccinated Sub- 
jects. Mary C. PANcBorn AND Kowrap 300 


Experiments with a New Culture Method for Tubercle Bacilli. Ror SAXHOLM 


Positive M. Tuberculosis Cultures Obtained by Incubation Beyond the Normal Seven- or 
Eight-Week Period. 0. P. Howarp, Joun Hecxer, anp Heten P. Lyncu 


Books 


American Trudeau Society 


Report of the Committee on Therapy to the Committee on Medical Research, October 14 


15, 1953 


Report of the Laboratory Subcommittee to the Committee on Medical Research, October 


14-15, 1953 
Notes 
Abstracts 


50th ANNIVERSARY 


NATIONAL TUBERCULOSIS ASSOCIATION 


Annual Meeting, Atlantic City, New Jersey, May 17-21, 1954 


The 50th Anniversary of 
the National Tuberculosis As- 
sociation will be celebrated at 
its Annual Meeting to be held 
in Atlantic City, New Jersey, 
May 17-21, 1954. 

Three adjacent hotels, the 
Ambassador, Chelsea and Ritz- 
Carlton, will serve as head- 
quarters. Sessions and confer- 
ences will be divided among 
the three hotels with no one 
hotel marked exclusively for 
medical or community service 
programs. 

Applications for rooms 
should be made directly to the 
hotel of choice. In the event 
that the hotel is unable to pro- 
vide the desired space, requests 
will be turned over to the Con- 
vention Bureau, which will 
clear requests with ancther one 
of the cooperating hotels 


Hotels offering accommodations through the Atlantic City 
Convention Bureau and their rates are: 


AMBASSADOR, Boardwalk at Brighton Avenue 
Singles —$6.00-$18.00 Parlor Suites 
Doubles—$8 .00-$20 .00 

CHELSEA, Boardwalk at Morris Avenue 
Singles —$6.00-$12.00 Two Rooms—Connecting Bath— 
Doubles—$8 .00-$16 .CO $12 .00-$18 .00 

—$24 .00-$30.00 


—$20 .00-$45 .00 


Parlor Suites 
EASTBOURNE, Pacific and Park Place 
Singles —$5.00-§ 7.00 Two Rooms—Connecting Bath— 
Doubies—$7 .00-$10.00 $10 .00-$16 .00 
FOX MANOR, 2720 Pacific Avenue 
Singles —$5.00-§ 8.00 Two Rooms—Connecting Bath— 


Doubles—$6 .00-$12 .00 $15 .00-$25 .00 
Three Rooms—Connecting Bath—$18.00-$30.00 


Parlor Suites —$15.00-$30 .00 


MARK, 100 South Chelsea Avenue 
Singles --$5.00-$ 7.00 Two Rooms—Connecting Bath— 
Doubles—$6 .00-$ 8.00 $14.06-$16.00 


Motel Rooms —$10.00-$16.00 


RITZ-CARLTON, Boardwalk at lowa Avenue 
Singles —$6.00-§ 8.00 Two Rooms—Connecting Bath— 
Doubles—$8 .00-$16 .00 $20.00 
—$35.00 


Parlor Suites 
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CONVENIENCE — Just one effervescent 
PARASAL tablet (2.0 Gm.) replaces 54 
0.5 Gm. tablets of sodium PAS . . . does 
away with filtration and storage problems 
... provides a fresh, fully potent solution 
of sodium PAS containing 2.0 Gm. free 
PAS. 


ECONOMY — Effervescent PARASAL 
tablets eliminate the high costs of extra 
labor . . . wasted batches . . . refrigeration 
. . lengthy calculations. Simply use 
tablets as needed. 


04 Will 


PALATABILITY— Effervescent 
PARASAL tablets are pleasantly mint 
flavored, and are readily taken — even by 
children — in cold water, citrus juice or 
cola drinks. 


Supplied: Vials of 20; boxes of 100, 


© 1964 The Panray Corp., New York 340 CANAL STREET, Ww. Y.13, N.Y. 
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